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The use of higher steam pressures in 
marine boilers, which was a part of the 
change made in introducing the double- 
cylinder engine, rendered it necessary to 
abandon the rectangular form of boiler, 
and to replace it by a boiler with cylin- 
drical shell, this shell containing large 
flues in which the furnaces were located, 
and return fire-tubes over these flues. 
Such a boiler may be regarded as the 
standard type adopted for marine use at 
present. ‘The material composing the 
shell and flues must be made very thick, 
so that a modern marine boiler is not 
only very heavy ; but the great thickness 
of the flues prevents the ready transfer 
of heat, and repairs are frequently neces- 
sary. It is very evident, from the costly 
experiments made by steamship com- 
panies with several types of water-tube 
or sectional boilers, that a reliable and 
efficient substitute for the cylindrical 
marine boiler would gladly be adopted, if 
it could be found. Some examples of 
the performance of the most prominent 
types of steam boilers may aid in the 
solution of this question, and may fur- 
nish some hints to those who use boilers 
in connection with stationary engines. 


How much water a good boiler ought | 
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to evaporate for each pound of fuel con- 
sumed is a question which requires for 
its answer some knowledge of the theo- 
retical value of this fuel, or its total heat 
of combustion. Messrs. Favre and Sil- 
bermann have determined the total heat 
of combustion of carbon and hydrogen, 
which form the combustible elements of 
coal, and it has been inferred, very natur- 
ally, that the results obtained by these 
experimenters could be used to determine 
the total heat of combustion of a variety of 
coal whose analysis was known. So natural, 
indeed, did this inference appear to be 
that, so far as can be determined from 
published records, it was not until 1867 
or 1868 that any one thought of testing 
the truth of the inference by experiment. 
About this time Messrs. Kestner and 
Meunier commenced to make experi- 
ments on the total heat of combustion of 
the elementary combustible compounds 
of the coal, and then of the coal itself. 
These experimenters made use of appara- 
tus substantially similar to that employed 
by Messrs. Favre and Silbermann, and 
obtained results which were nearly the 
same as those given by the earlier experi- 
ments. On testing the total heat of 
combustion of different varieties of coal, 
however, Messrs. Kestner and Meunier 
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Taste XI. 


SuMMARY OF EXPERIMENTS BY Messrs. KestNeER AND MEUNIER ON HEatT oF 
CoMBUSTION OF Various CoALs. 








‘Heat of combustion 
| per lb. of combusti- 


| ble, by experiment. 


| Combustible and volatile 
constituents. 
| 





| 
| Pounds of 
Hydro- Nitrogen Thermal) water 
| Carbon. and evaporated 
gen. |oxygen.| units. | from and 
| at 212°. 


Number for reference. 








| 15,485 | 3.02 

| 15,232 5 76 
17,320 | 92 
17,021 | 61 
16,965 | 

| 16,673 | 

14,985 | 

16,400 

16,663 | 

| 16,290 

| 15,804 

16,108 

14,866 

15,651 | 

14,488 

11,669 | 

| 18,2538 

12,584 

i. 263 

11,444 

11,360 

13,837 | 


Sas arbriick, Sulzbach 
Von der Heydt 
| Creusot, caking (Chaptal shaft) 
anthracite (St. Pierre shaft). | 
- semi-bituminous (St. Paul). .| 
| - flaming (St. Paul) 
| Blanzy, Montceau, 
anthracite 
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Russian, Grouchefski et ig oa "| 
” Miouski caking 
Goloubofski flaming 
Lignite, blue, from Rocher 
‘* flaming, from Manosque ....| 
ss lean, from Manosque 
ey caking, from Bohemia 
‘* changing to fossil-wood 
Fossil-wood, changing to lignite 
Russian lignite, from Toula 
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Taste XII. 


CoMBUSTIBLE CONSTITUENTS OF AMERICAN COALS, AND PounpDs OF AIR SUPPLIED PER 
Pounp oF CoAL, AS DETERMINED BY ProF. JOHNSON. 





(Combustible. con-| Lbs. of 
” water 
stituents, parts ‘evaporated 
: | from and |Lbs. of air 
Locality. | Designation of Coal. in 100. at 212° per| supplied 
| Ib. of com-} per lb. of 
bustible, in coal. 
Fixed [Volatile | experi- 
Carbon combus-| mental 
| boiler. 


Number for 
reference 








| 


Pennsylvania. |Beaver Meadow, Slope No. 3.| 97.38 | 2. | 10.11 
vad . [Beaver Meadow, Slope No. 5.| 97.11 : 10.84 

" . Forest Improvement 196.71 | 38. | 11.02 

25 . Peach Mountain 96.77 : 11.05 

” . g 94 41 59 | 9.75 

“a : 95.61 , | 10.93 
Virginia...... erate Coke of Virginia 85.33 : | 10.63 
Maryland... |Neff's Cumberland 85.47 ; 10.81 
- .... Atkinson & Templeman 83.16 | " | 11.87 
Virginia (Midlothian, screened 60.77 | 39.2% 10.18 
Pennsylvania. |Cannellton 63.23 {oe F 
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found that it exceeded, in every instance, | with the O in coal. But at that time, at 
the heat as calculated from the combined | least, it was thought that C and H, con- 
effects of the combustible elements of | sidered as simple bodies, possessed always 
the fuel. Their experiments were very | the same caloritic power. The influence 
extended, and their mode of experiment- | of molecular construction on the calorific 
ing and their results have been published | power of bodies was ignored ; it was not 
in the “Bulletin de la Société Industri-| known that the heat of combustion of a 
elle de Mulhouse,” 1868, 1869, 1871; in | body, simple or compound, is, in general, 
the “Annales de Chimie,” 4th Series,| greater in proportion as its molecular 
XXX., 5th Series, IT, XXI, 6th Series, | condensation is less advanced. 

II; and in the “Comptes Rendus de| “It is now established by the labors of 


l’Académie,” 2d Series, 1869. Table XI.| Favre, Silbermann, Regnault, Berthelot 
contains a summary of the most impor-/|and others, that the heat of combustion, 
tant results of these experiments, and|like the specitic heat, varies with the 


shows conclusively that the ordinary 
method of estimating the heat of com- 
bustion of a given fuel from its element- 
ary analysis is entirely erroneous. There 


are no American coals in this table, but | 
as the best anthracite coal of the United | 


States contains more fixed carbon than 
any specimen of Table XI. (See Table 
XII.) It is reasonable to suppose that it 
is at least equal in heating effect to the 
best European coal tested by Messrs. 
Kestner and Meunier. 

The results given in the preceding 
table are now generally used by Euro- 
pean engineers in their calculations. Dr. 
Percy, in referring to the experiments of 
Messrs. Kestner and Meunier, states that 
more extended data will be necessary for 
the explanation of the results. M. L. 
Gruner, however, in a very interesting 
article on “ The Classification and Heat- 
ing Power of Coals” (a translation of 
which is published in the Engineering 
and Mining Journal, vol. XVIIL.), shows 
clearly that it is the generally accepted 
formula which is anomalous, rather than 
the results. He remarks as follows: 


“ Dulong proposed the formula: 


P=14544C + 62032 (H— =) ; where 


P=heating power in thermal units, C= 


8 

weight of free hydrogen, i. e., the total 
hydrogen less that already burnt to 
water by the oxygen that the coal con- 
tains. Doubtless Dulong considered 
this formula as giving only a kind of 
industrial value, for he knew well 
enough that we cannot, in a calorific 
sense, assimilate a ternary chemical com- 
pound to a simple mixture of C and H; 
and that the H is not simply combined 


weight of carbon in pounds, H— 


| density. 


Heat units. 


| We know that if carbon from wood 

| Charcoal Geveleps........- secssceccs 1 

|The charcoal of gas retorts, which is 
more dense, gives only 

Natural graphite 

The diamond only 

We know also that the heating power of 
crystallized sulphur is............... 4 

While that of the denser amorphous §, 
run in a melted state into water, is 


5 


“Tt follows from this that to apply 
Dulong’s formula to coals, we should 
substitute for the calorific power of hy- 
drogen in a gaseous state that of hydro- 
gen in a solid state, and, mstead of 
14544, which represents the heat of com- 
bustion of carbon having, according to 
M. Violette, a density greater than 2, we 
should put the greater number corre- 
sponding to the less condensed state of 
the carbon in coals. 


* * * * * 


“The actual heating power of all fuels, 
except the bituminous lignite of Bohemia 
(which, from the large amount of hydro- 
gen it contains, resembles the petroleums) 
is not only greater than the heating 
power calculated by Dulong’s formula, 
but, also, for the anthracites and bitumin- 
ous coals, it is greater than the sum of 
the heat units due to the entire amount 
of carbon and hydrogen contained in 
them, taking them as isolated, and after 
making deduction for the oxygen. 


‘Thus, coal from the Chaptal mine gave 

17320 heat units against C+H—15606 
Coal from the Ronchamp mine gave 

16399 heat units against C+H—15822 
Coal from the Denain mine gave 

16230 heat units against C}+-H—14958 
Coal from the Louisenthal mine gave 

14787 heat units against C+H—14083 
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“‘M. Scheurer Kestner, noticing this ap- 
parent anomaly,concluded that the combin- 
ation of carbon and hydrogen in coals was 
attended with absorption of heat, as 
is the case with explosive compounds. 
‘The anomaly is, however, only apparent. 
Coal has none of the properties of explo- 


sive substances, and if the actual heating | 


power is higher than that obtained from 
calculation, it is, as we have already re- 
marked, because we take the figures 
14544 heat units for carbon, while, in 
reality, we should take a number nearer 
to 20186, which is the theoretic heating 
power of carbon in the form of gas. 
“The number 20186 heat units is ob- 
tained as follows: We know that carbon 
develops 4451 heat units when it is 
transformed into oxyd of carbon, and 
this gas, in its turn, gives (14544—4451) 
=10093 heat units in combining with a 
new equivalent of oxygen; that is, equal 
quantities of oxygen apparently develop 


‘*For coal from Anzin. ..15957 instead of 16663 


For coal from Denain.. 15989 16290 
For short-flaming fat coal 

from the Chaptal mine 

rT ree 16715 ne 17320 
For coal from Ronchamp. 16893 16399 
For dry coal from Mont- 

ices atin neokwaleonats 15554 “ 14985 
For dry coal from Louis- 

Pn dssssnnsesbne ss 14980 a 14787 


“The agreement is not, however, satis- 
factory; we note that the calculation 
gives too low a value for coals rich in 
fixed carbon, and, on the other hand, too 
high a value for those which leave but 
|\little coke. In brief, it is evident that 
the manner of combination of the ele- 
ments in coals is too variable to make it 
| possible to determine their true heating 
power from simple elementary analysis. 
| We must, therefore, determine by direct 
experiment the heating power of each kind 
of coal, or else we must be satisfied with 
the mean results which we obtain by 


very unequal quantities of heat; I say | combining the Mulhouse experiments—a 
apparently, for in the first case the solid | summary of which is given in the above 
carbon passes to the gaseous condition, | table—with the numerous industrial tests 
while in the combustion of carbonic oxyd | made by Dr. Brix, in Berlin, and by the 
it is carbon in the condition of gas that | French and English navies.” 

burns. Now, if we admit with Rankine | The useful heating effect obtained from 
that Welther’s law obtains so long as the | coal consumed in the furnace of a boiler 
chemical reactions are neither accom-|is, of course, considerably less than the 
panied nor followed by a change of con-/ total heating effect, on account of such 
dition, we see that the excess of (10093 inevitable losses as the amount of heat 
—4451)=5642 heat units should corre-| carried off in the products of combus- 
spond exactly with the heat absorbed by | tion, the unconsumed fuel that drops 
the gasification of carbon, and conse-| through the air spaces of the grates, the 
quently gaseous carbon would develop | loss due to imperfect combustion, and 
(14544 + 5642)=20186 thermal units, if|the heat radiated from the external sur- 








it gave carbonic acid directly. 

“Tn any case it is evident that consid- 
ering this number 20186 heat units mere- 
ly as the result of a purely theoretical 
speculation, the but slightly condensed 
carb-n of bituminous coal should pro- 
duce more heat than pure carbon from 
wood charcoal. On the other hand, for 
solid hydrogen we should take a number 
smaller than 62032 heat units, which cor- 
responds to gaseous hydrogen producing 
water, which is also taken in the gaseous 
state. 

“We can readily satisfy ourselves that 
we would obtain values nearer the truth 
by assuming, for example, 16200 heat 
units as the heat of combustion of carbon 
in coal, and 54000 heat units as that of 
solid hydrogen ; we would thus find, after 
deducting for the oxygen : 





faces of the boiler or its setting. The 
useful heating effect depends also upon 
the proportions and design of the boiler, 
|and upon the amount of air admitted to 
|the furnace. In regard to the amount of 
\air required for combustion it is com- 
monly assumed, from the experiments of 
Prof. Johnson (“Report to the Navy De- 
partment of the United States, on Ameri- 
can coals,” Washington, 1844), that with 
natural draft, the air supplied should be 
twice the amount theoretically required, 
or about 25 lbs. of air per lb. of coal 
burned. The experiments of Prof. John- 
son hardly bear out this idea, as will ap- 
pear from an inspection of Table XII, 
which has been taken from the report 
cited above. Messrs. Kestner and Meu- 
nier, after determining the total heating 
effect of different varieties of European 
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Taste XIII. 


Heat or CompusTIon oF Foreign Coars, AND Pounps or Arr Suppiiep PER PounpD 
oF Coat, as DeTrerMINED By Messrs. KestTNER AND MEUNIER. 








| 
| Heat of com- | Useful effect, per | Pounds of 
pound of combusti- 
| bustion, in ble, in experimental air 
boiler. 
| thermal units, | supplied 
Designation of Fuel. he ~ 
per Ib. of com-| | Pounds of | per pound 
‘ |Thermal| * water | 
bustible, by | levaporated of 
- units. | from and | 
experiment. | at 212°. 


umber for 


+ 





+ 





16,346 10,057 | 
16,411 10,488 
15,223 8,928 | 
Duttweiler. 15,703 9,484 | 
Luisenthal 14,787 8,348 
15,539 9,421 
15,277 8,941 
OS SO 15,212 8,847 | 
Von der Heyat ; 15,232 8,789 
Blanzy, Montceau 14,985 8,446 
™ anthracite 16,380 9,920 | 
16,942 10,472 | 
|  Creusot, } Ronchamp No. 1.. 16,758 11,268 | 


2 Creusot, Ronchamp No. 2..! 16,758 11,131 


TRADE 


= 
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| Vood charcoal 14,544 8,698 | 








coal, experimented with several of the | 
varieties in the furnace of a steam boiler. | 
They also tried the effect of admitting | 
different amounts of air, and found that 
the best results with natural draft were | 
obtained when the air supply was about | 
14 times the amount theoretically re- Total heating effect of a lb. 
quired. A summary of the results ob-| of. combustible, thermal} — 
tained by Messrs. Kestner and Meunier DED cdcdceserseacs eens | 17,320 
a on : > Per cent. of combustible in 
is given in Table XIII. a lb. of coal, Table XXV, | 
It may be useful to illustrate by an ex-| Experiment 9..... ....... | 82. 
ample, the effect of employing an erro- | Thermal units per Ib. of coal, 
neous assumption instead of an experi- | ,™#ximum heating effect... | 14,324 
1 : : : ; Temperature of fire-rroom..| 68° 68° 
mental result in a discussion of boiler | pemperature of escaping | 
. © P « a 
performance. The experiment selected! products of combustion, at | 
for discussion is No. 9, Table XXV., and | _least........... see teeees 
the actual performance will be compared —. oe air supplied per Ib. | - 
with axi at is ratically | Of coa ‘ 20 
poe a pacer that is theoretically Specific heat of products of | 
possible by experiment and by assump- | combustion | Q. | 0.288 
tion. Thermal units carried off in 
The reader will find the results of a —— of apa | 2,406 | 3,165 
number of boil r expe imen s ; ge aximum possl re evapora- | | 
Sule taht - 4 P wes t ts in on fol tion, thermal units........ 11,918 8,863 
wing tables, experiments generally re-| Evaporation by experiment, | 
garded as being among the most reliable| thermal units............. 10,636 | 10,636 | 
that have ever been made, all of which | Temperature of furnace....| 3832 2440° 
must be repudiated by those who believe 
that the maximum heating effect attain- 
able from the combustible in the best va-'rieties of American anthracite is 14,544 


experiment, 
Table XI, 
Example 3. 
By assump- 
tion, 
Table XIII, 
Example 15. 





600° 600° 
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thermal units per lb., and that the aver- 
age amount of air supplied to furnaces 
consuming American anthracite is from 
25 to 30 lbs. per lb. of coal. 


Supposing the furnace of a boiler to be 
so arranged that the proper amount of 
air for economical evaporation is admit- 
ted, it will be found that the evaporation 
actually obtained depends upon the pro- 
portions of the boiler, and the character 
and disposition of the heating surfaces. 
The rate of transmission of heat through 
a metallic plate covered with water on 
one side, and exposed to the action of 
flame or heated gases on the other, has 
been found by experiment to depend 
upon the difference of temperature on 
the two sides of the plate, or rather upon 
the square of this difference, from which 
fact it can reasonably be inferred that the 
heating surfaces nearest to the fire are 
the most efficient, so that, other things 
being equal, the boiler which has the 
largest proportion of furnace heating-sur- 
face will be the most efficient and the 
most economical. This inference is fully 
sustained by experiment, as_ will be 
shown. To determine the effect of dif- 
ferent arrangements of heating-surface 
and other details, it is useful to examine 
the results of experiments in which the 
same kind of coal was used and the same 
method of experimenting, with boilers of 
various design. Such a series of experi- 
ments is contained in the “ Reports and 
Awards, group XX,” of the United States 
International Exhibition, 1876. Phila- 
delphia, 1878. In this report will be 
found full details of experiments made 
with fourteen different boilers, eight of 
which were of the sectional or water-tube 
variety. These experiments have some- 
times been incorrectly reported in the 
trade circulars of boiler manufacturers, 
and have been accompanied by discussions 
of results that were generally in the in- 
terest of particular boilers. The report, 
however, is of great value to any one who 
examines it impartially, and the writer 
hopes that the following tables will prove 
useful both to boiler manufacturers and 
steam users. Nearly all the boilers 
tested at the Centennial Exhibition were 
of well-known forms, and designating 
letters have been applied to them, as fol- 
lows : 





Borers Trestep at CenTENNIAL Exursi- 
TION, 1876. 


A.— Wiegand, water-tube boiler. 

B.—Harrison, sectional boiler, cast-iron. 

C.—Firmenich, water-tube boiler. 

D.—Rogers & Black, vertical cylinder, 
suspended over grate, the cylinder 
having external water-tubes ar- 
ranged vertically around it. 

E£.— Andrews, double-return tubular, with 
sheet-iron smoke-connections. 

F'— root, water-tube boiler. 

G.—FKelly, water-tube boiler. 

H.— Exeter, sectional boiler, cast-iron. 

I.—Lowe, cylindrical tubular boiler, with 
combustion chamber in front-con- 
nection. 

J.—Babcock & Wilcox, water-tube boiler. 

K.—Smith, cylindrical tubular boiler, 
with generator attachment, consist- 
ing of water bridge-wall, and pipes 
at sides of furnace and under 
shell of boiler beyond bridge-wall. 

L.— Galloway, flue boiler, furnaces in two 
flues, which unite beyond the 
grates in an elliptical flue which is 
crossed by conical water-tubes. 

L' .— Galloway, same as preceding, tried 
with bituminous coal. 

M.— Anderson, water-tube boiler. 

N.— Pierce, tubular cylinder, revolving on 
trunnions over the grate. 


An attempt is made, in the following 
discussion, to determine the relative com- 
mercial value of each boiler, and to find 
the reasons that influence this value. 

Table XIV. shows the relative standing 
of the boilers in respect to their economi- 
cal performance, and in Table XV. the 
relative consumption of fuel per unit 
of capacity or horse-power has been de- 
termined, on the assumption that a boiler 
horse-power is represented by the evap- 
oration of 30 Ibs. of water per hour, from 
and at 212°. The same unit of horse- 
power is used in all the boiler experiments 
that follow. The results given in Tables 
XIV. and XV. show that the effect of in- 
creasing the rate of combustion generally 
decreases the economical performance to 
a marked extent, so that a boiler which is 
quite economical when tested for economy 
may have its position materially changed 
when it is operated at full capacity. The 
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Taste XIV. 


CENTENNIAL BorLER TEsts.—PouNDs oF WATER EVAPORATED FROM AND 
AT 212°, PER PounpD or COMBUSTIBLE, 





} 
" . ? . ne Average of Capacity 
Relative | Capacity Tests. Economy Tests. and Economy Tests. 


Number. ; 
Boiler. |Evaporation.| Boiler. |Evaporation.| Boiler. Evaporation. 
K | 925 | L’ 2.125 .916 
L’ 609 | F .094 L’ .867 

216 | C .988 543 

163 . 923 } . 526 
.064 | .906 | .400 
.441 e .822 | .268 
. 830 .583 .076 
974 039 .410 
.889 .930 E 892 
865 834 J 093 
. 745 | 10.618 .008 
9.568 | 10.312 J .990 
9.429 | 10.041 9.943 
9.145 ; | 10.021 9.521 
8.397 9.613 9.355 





CWOIHI POW 





= — 


Taste XV. 
CENTENNIAL BorLER TEsts.—PounDs OF COMBUSTIBLE PER HouR, PER 
Horse-PowER DEVELOPED. 


—_____ — —__—_—_—__— —$ $______ a 





Average of Capacity 
aud Economy Tests. } 


Capacity Tests. Economy Tests. 


Relative | 
| | 





{ — 
Number. 


| | 
| Boiler. |Combustible| Boiler. Combustible} Boiler. Combustible 





| 


| 


L’ 47 2.52 
F .48 L 
C 


0 CO BO BO BO DO 09 09 09 
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economical performance of a boiler, gen-|standard before comparing them. This 
erally speaking, depends upon the rate|can be done approximately in a manner 
of combustion per unit of heating-sur-| which will be explained. Prof. Rankine 
face, the economy ordinarily decreasing| has deduced, from experiment, some 
as the rate of combustion increases. It} formulas for determining the efficiency of 
is important, therefore, in considering |a boiler at different rates of combustion. 
tests of boilers where the rates of com-|The results obtained from these formu- 
bustion per unit of heating-surface vary, |las agree well with the actual perform- 
to reduce the results to some common | ance of boilers of good design, are larger 
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Taste XVI. 


EFFICIENCY OF BorLers, AT DIFFERENT RATES OF COMBUSTION,—CALCULATED 
FROM Pror. RANKINE’S FORMULAS. 





Evaporative efficiency. 





Pounds of com- 
‘aeaueniee ? Natural draft. Forced draft. 
of heating sur- 


face. Ordinary With fuel Ordinary With fuel 
setting. economiser, setting. economiser. 


0.282 0.300 0.399 0.412 
0.330 0.350 0.456 0.468 
0.397 0.420 0 528 0.542 
0.508 0.525 0.632 0.644 
0.678 0.700 0.780 0.792 
0.705 0.724 0.805 0.811 
0.729 0.750 0.824 0.831 
0.761 0.778 0.844 0.851 
0.790 0.808 0.865 0.873 
0.827 0.840 0.888 0.896 
0.861 0.875 0.911 0.919 
0.906 0.913 0.941 0.945 
0.946 0.955 0.969 0.971 
1.000 1.000 1.000 1.009 
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Taste XVII. 


CENTENNIAL BortER TEsts.—RATIO OF ACTUAL AND THEORETICAL EFFICIENCY. 





Average of Capacity 


Capacity Tests. Economy Tests. and Economy Tests. 


Relative 





Number. 
Boiler. | Ratio. Boiler. Ratio. Boiler. | Ratio. 





L’ 1.013 L’ 0.992 L’ 1.003 
K 0.982 L 0.976 L 0.975 
L 0.974 F 0.953 0.964 
N 0.953 K 0.946 N 0.928 
I 0.914 J 0.941 0.915 
D | 0.889 Cc 0.918 0.908 
J 0.875 | I 0.916 0.906 
C 0.870 A 0.910 0.894 
B 0.858 0.902 0.874 
F | 0.858 0.897 0.865 
E 0.841 0.890 0.860 
M 0.832 0.889 0.858 
A | 0.806 0.864 0.849 
G 0.801 9.830 0.848 
H 0.795 0.765 0.780 


CMI COD 




















than the actual results obtained from | Engine and other Prime Movers,” and the 
boilers whose design or proportions are | writer has applied these formulas to nu- 
faulty, and are too small for the most | merous boiler experiments, with very sat- 
economical and efficient boilers, as will | isfactory results. Table XVI. is com- 
appear from the applications that follow. | puted from the formulas referred to. In 
Prof. Rankine has tested his formulas by | order to compare the results given in this 
comparison with a number of experiment- | table with those obtained experimentally, 
al results, in his “ Manual of the Steam-| it is necessary to assume a figure for the 
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Taste XVIII. 


CENTENNIAL BorLER TrESsTs.—(EVAPORATION PER POUND OF COMBUSTIBLE) 
+(RECIPROCAL OF COMBUSTIBLE PER HorsE-POWER)+(RATIO OF EFFICIENCY). 





| 
| Average of Capacity 
| and Economy ‘Tests. 


Relative 


| 
| 
Capacity Tests. Economy Tests. 





Number. | 
Boiler. Sum. | Boiler. 


K 13.305 L’ 
L’ 13.010 
L 12.565 
I 12.452 
C 12.303 
F 11.647 
J 11.550 
N 
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Sum. Boiler. Sum. 
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evaporation corresponding to an efficiency | material, substantially constructed, is quite 


of unity, and in order to conform to the 
principles on which the table depends, 
the writer has assumed that the evapora- 
tion corresponding to this efficiency is 


as safe, under intelligent management 
(judging from experience and from the 
premiums demanded by boiler insurance 
companies), as the best forms of sectional, 
or, as they are sometimes called, safety 


equal to 13.5 lbs. of water from and at 
212° per lb. of combustible. This figure, | 
like the several efficiencies in the table, | 


boilers; so that a safety boiler managed 
by an attendant who can be hired cheaply 
will be found to agree well with a good | because he is incompetent, will frequently 
average performance, to be too large for | cause a loss to the steam user that 
an inferior performance, and smaller than | would more than pay for the services of 
the best actual results. Applying these |a reliable attendant for a more economi- 
figures to the experiments under consid- | cal boiler which would be quite as safe as 
eration, results are obtained as shown in | the other in all things except the name. 
Table XVII., which table probably rep-| As this view of the matter is not accept- 
resents the true economical values of the | ed by all engineers, it may be well to cite 
different boilers under the different con-| the epinions of a very high authority on 
ditions of trial. |the subject of boiler explosions. The 
By adding the several figures of Table | following extract is from aletter addressed 
XIV. to the corresponding figures of|to Mr. Charles T. Porter by Mr. L. E. 
Table XVIL., and to the reciprocals of | Fletcher, Chief Engineer of the Manches- 
the corresponding figures in Table XV., | ter Steam User's Association. This letter 
the results shown in Table XVIII. are! is published in the “ Reports and Awards, 
obtained ; and these figures seem to rep-| Group XX.” of the United States Inter- 
resent the relative commercial value of each | national Exhibition, Philadelphia, 1878. 
boiler to the steam user, with the excep-| “No. 1. Zerm of Existence. — The 
tion of the comparatively unimportant | Association was established in the year 
question of first cost, and other questions, | 1854, and has been in active work ever 
by no means unimportant, of relative | since, increasing in the number of boilers 
safety and durability. The last point is| and the area of its operations. 
scarcely suitable for consideration in the| “No. 2. Average and Present Num- 


present discussion, but it may be well to| ber of Boilers in charge.—The number 
lof boilers now under inspection is, as 


remark that any boiler of good design and 
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nearly as may be, 3,000. The average 
for the last five years has been 2,500. 
No. 3. Character of the Boilers, and 


if of Different Types, the Number of 


Each.—By far the greater number of 
boilers enrolled with the Association are 
horizontal and internally fired. Speaking 
approximately, the relative number of 
the various types is as follows: 

“50 per cent. are what are termed 
‘Lancashire’ boilers—that is to say, hav- 
ing two internal tubes running through 
them from end to end in which the fires 
are placed. 

“15 per cent. are of the ‘Cornish’ 
type—that is to say, having one furnace 
tube running through it from end to end, 
in which the fire is placed. 

“15 per cent. are externally fired, such 
as plain, cylindrical, egg-ended, colliery 
boilers ; French or ‘ Elephant’ and ‘ But- 
terly’ boilers. 

“8 per cent. are variations of the 
‘Lancashire’ and ‘Cornish’ boiler, with 
a number of small flue tubes, some termed 
‘Multiflued’ and others ‘ Multitubular,’ 
etc. 

“6 per cent. are of the ‘Galloway ’ type. 

“6 per cent. are of the miscellaneous 
types, such as boilers at iron-works, 
heated by flames passing off from pud- 
dling and iron furnaces, water-pipe boilers, 
locomotive and marine boilers, and ver- 
tical internally hand-fired boilers, ete. 

“These proportions vary somewhat 
year by year as boilers are changed. 

“No. 4. Pressure carried between what 
Limits.— All the ‘ Lancashire’ boilers 
made for the members under the inspec- 
tion of the Association, the ruling di- 
ameter of which is 7 feet in the shell, 
and 2 feet 9 inches in the furnace tubes, 
are fit for a working pressure, as a mini- 
mum of 75 pounds on the square inch. 
Many are fit for a working pressure of 
85 pounds, others #0 pounds and 100 
pounds. No new boilers are made to the 
Association’s standard for a lower press- 
ure than 75 pounds on the square inch. 
Many smaller boilers are carrying 120 
pounds. 

“No. 5. Character of the examinations 
made, and their frequency.—A complete 
examination of each boiler is made both 
inside and outside, when at rest and 
properly prepared, at least once a year, 
and more often if necessary—that is to 
say, if the boiler does not appear tho- 


‘roughly sound or repairs have to be 
jexamined. Hydraulic tests are also had 
|recourse to when necessary. In addition 
|to the annual thorough examination, two 
external examinations of each boiler are 
made per annum with the boilers at work 
and steam up. This number is a mini- 
mum. 

* 

“No. 7. Instructions given to Owners 
and Firemen.—W e have no written code, 
but are thinking of preparing a list of in- 
structions to firemen. All we ask from the 
owners is to get a good boiler and a care- 
ful man. We impose no arbitrary con- 
ditions. Information to the owners is 
always accessible at these offices. 

“No. 8. The Guarantee afforded to 
Members.— The Association guarantees 
the members freedom from explosion 
year after year. As a pledge of good 
faith, the reports are endorsed with a 
pecuniary guarantee of £300; but the 
Association has no explosions. The only 
|exception to this was the rending of a 
furnace through over-heating, in con- 
sequence of misuse by the owner, who 
charged the boiler heavily with caustic 
soda and arsenic, bringing down the in- 
crustation, but yet neglecting to blow out. 
We warn our members against using com- 
positions and neglecting to blow out. 
Year after year we are able to report, 
‘ No explosion from any boiler guaran- 
teed by the Association.’ 

“No. 9. The cost to Members of the 
Inspection and Guarantee.—The charge 
for inspection is one guinea and a half 
| per annum each boiler, within a radius of 
|40 miles of Manchester ; beyond that dis- 
| tance, according to arrangemeut. There 
is no charge for guarantee. The Asso- 
| ciation’s guarantee is neither to be bought 


* * * * 





| 


‘nor sold. If the Association considers a 
| boiler unsafe, nothing will induce it to 
‘say it is safe. Ifa boiler is safe, there is 
}no need to charge for saying so. The 
| expense is incurred in inspection, and the 
Association has no explosions to make 
compensation for. 

“No. 10. Zhe Result of the Work 
of the Association in Immunity from 
Accidents.—It is presumed by the word 
‘ accidents’ is meant ‘ explosions.’ We 
do not approve of the word ‘ accidents’ 
as applied to explosions. Explosions 
in the great majority of cases are not 
accidental : they arise from known 


| 
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causes. Inspection is able to prevent | collection, which was the most economi- 
their occurrence, and is found in the ex-|cal of all the boilers at a slow rate of 
perience of the Association to be quite | combustion, occupies the 6th place under 
adequate. See here reply to question|a high rate of combustion, and the same 
No. 8 |average place. The great loss of economy 
“11. Upon what do you rely for|that occurs in the case of most sectional 
Safety 7—Upon competent periodical in- boilers, when their rate of combustion is 
spection. See reply to questions 8 and 10. | fixed at the limits that obtain in ordinary 
With regard to the relative first costs | practice, has long been recognized by ex- 
of the boilers tested at the Centennial | perienced engineers, and although at first 
Exhibition, they can only be inferred | thought it seem unreasonable that boilers 
from the relative amounts of heating- | whose heating-surface is composed of 
surface in respect to capacity. If all the| thin tubes should be less economical than 
boilers were alike in design and made of|shell boilers composed of thick metal, 
the same materials, differing only in their} there is a very good reason for this dif- 
proportions, a comparison of this kind | ference, and an attempt will be made to 
would give a close approximation to the| point it out. Referring to Table XX., it 
relative costs. Inthe actual case, where | will be seen that the difference in actual 
one boiler is composed principally of|evaporation at high and low rates of 
cast-iron, another of wrought-iron, and a| combustion for the first seven boilers in 
third of steel, the comparison, as made | the table is either practically the same as, 
in Table XIX., will merely afford an ap-|or considerably Jess than, the theoretical 
proximate idea of the selling prices. difference ; and a reference to the designs 
In the use of steam boilers the de-| of these seven boilers shows that each of 
mands for steam frequently vary to a|them has a large amount of furnace heat- 
considerable extent, so that the boilers|ing-surface, all the heating-surface, in 
are run at times with slow rates of com- | fact, of boilers D and N being in the fur- 
bustion, and at other times are forced to;nace Now, it has already been stated 
their utmost capacity. Under such cir-| that the transmission of heat through the 
cumstances the most economical boiler | heating-surface varies as a function of the 
for the steam user is one that has its | square of the difference in temperature of 
evaporative capacity changed the least by |the two sides of this surface; and some 
a change in the rate of combustion, or, | experiments will be presented, before con- 
in other words, the boiler which shows | cluding this paper, to show that in a boiler 
the best ratio of evaporation at high and| with good furnace heating-surface, this 
low rates of combustion. The final com-| surface evaporates the greater part of all 
parative table of the Centennial boiler | the water that is made into steam by the 
tests, Table XX., shows this ratio, as also | boiler. It is probably true that with any 
the theoretical ratio, calculated by Table | design of boiler the evaporative results 
XVL., together with the actual rates of |can be made to equal the best that have 
combustion, and some of the most impor- | been recorded, if the heating-surface is 
tant proportions of the boilers. | sufficiently extended. But heating-sur- 
It would, of course, be possible to ex- | face costs money, and requires consider- 
tend these comparative tables much |able space, so that, if the same results 
farther, but it is thought that the most|can be obtained with a less amount of 
important points determined by the tests | heating-surface, properly distributed, the 
have been presented. The tables are so latter design is to be preferred. It seems 
fully detailed that a number of interest-|to be the neglect of the principles here 
ing conclusions can be drawn from them. stated which causes most water-tube boil- 
It may be interesting to state briefly sey ers to give such inferior results at high 
eral of the most useful. Itis to be no- rates of combustion. 
ticed that the sectional or water-tube The experiments detailed in Tables 
boilers represented in these tests were XXI., XXII. and XXIIL, while of con- 
generally less economical than the others, siderable interest, are not as useful for 
except at slow rates of combustion. Con- purposes of comparison as those that 
sidering only the tests with anthracite have just been considered; being made 
coal, it appears that boiler F, the most generally, in different localities, with dif- 
economical of the sectional boilers in this | ferent kinds of coal, and under different 
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Taste XIX. 


CENTENNIAL BorLER TESTS.—SQUARE FEET OF HEATING-SURFACE PER 


HorsE-PowER 


Economy Tests. 


DEVELOPED. 


| 
| Average of Capacity 
and Economy Tests. 





: | 
Boiler. (Square Feet.) Boiler. |Square Feet. 
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| 5.18 
6.18 
6 36 
6.39 
7.05 
7.53 
8.38 
8.60 
8.93 
9.28 
9.41 

10.48 

11.42 

14.33 

15.7: 


5.87 
6.83 
7.18 
7.61 
7.90 
8.16 
9.50 
9.89 
10.36 
10.75 
10.78 
11.60 
13.59 
15.53 
18.85 
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TABLE 


XX. 


CENTENNIAL BortER TESTSs.—DIFFERENCE OF EVAPORATIVE EFFICIENCY, 
CAPACITY AND Economy TEsTs. 





ence in evapor- | _bustible per 
ation, capacity 
and economy 
Boiler tests. per hour. 


| 


| square foot of 
| 


‘5 | Per cent of differ-| Pounds of com- 
| 
| 


Temperature of 
flue. Ratio of 


heating surface | 





| | Actual. 


Theo- (Capacity) Econo- |Capacity| Econo- 
retical. | tests. |my tests.) tests. |my tests. 


| 


| | | Heating to | Draft area 


surface. surface. 





0.234 
0.159 
0.509 
0.410 
0.361 
0.303 
0.185 
0.161 
0.288 
0.286 
0.263 
0.236 
0.214 
0.351 
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| 
| 


conditions. Some notes are added to show | 
the relative value of the different experi- | 
ments in respect to precision and other | 
necessary items. 

Table X XI. contains results of experi-! 


grate- | to grate- 
| 


| 435°.06 | 411°.48| 46.16 0.130 
| 438°.12 | 429°.94| 52.1 | 0.148 
| 455°.62 | 378°.82| 13.97 | 0.046 
| 649°.3 | 571°.75 | 19.04 
| 322°.18/ 303°. | 23.68 | 
| 388°. | 824°.62| 28.68 | 0.223 
359°.71 | 382°.29| 33.5 | 0088 
418°. | 415°5 | 66.91 | 0.130 
| §84°.138| 517°.5 | 389.17 | 0.285 
534°, | 417° | 30.97 0.300 
382°.68 | 419°.6 | 27.49 | 0.102 
472°.81 | 295°.82 37.67 0.202 
- 393°.33 38.06 0.120 
604°.62 | 528°.81 31.89 0.119 
— 23.11 | 0.148 


0.22: 


ments made with a water-tube boiler, 
which, while it was not the most economi- 
cal boiler of that type tested at the Cen- 
tennial Exhibition, is very largely in use, 
so that records of its performance are 
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XXL. 





Tests oF Bascock & Wiicox WATER-TUBE BorLERS, AT DIFFERENT RATES OF 
CoMBUSTION. 





Item. 
1/2] 8 


Forced 
Draft. 





| 


9 





Heating surface, sq. ft 
Grate surface, o 
Ratio of heating to grate 
surface 40.1 | 519) 37 
Temperature of feed water.| 153° |204°.8) 63° 
Temperature of flue 
Pressure of steam, lbs. per 
sq. in. above atmosphere. 
Per cent. of refuse 
Lbs. of ( : 
a PO grate*... 


per hour. ( }{]' heating*. 
Lbs. of water { 


evaporated per . otal 
hour, from and 4 ¢[ |’ grate*... 
at 212°. PL)’ heating * 
H. P. developed, at 30 Ibs. 
per hour, from and at 212° 224. 
Lbs. of coal #hour perH.P. 3.66 
** combustible 2 
[]’ of grate surface ‘ 
«* heating “ 
Lbs. of water 5 P lb. of coal. 
evaporated ae ’ 
from and at 212° { combust’e 
Actual efficiency 
Theoretical efficiency 
Ratio of actual and theoreti- 
cal efficiency 


58 |1676 
30 | 44 


2807.16) 15 
70 


76.3 
17.12 
367 
12.28 
0.235 
3974 
182.15 105. 
.40| 2.54) 2 


7 
10. 


8. 
0.220 0. 
5725 
3.07 
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~ ~ 


! 
2 |182.2 
3.35 
2.78 
227 
.79 
96 


“< “é 


0. 
12.55% 
8.1% 
10. .81 
.808 0.801 
.938) 0.932 
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0.861) 0. 


859) 


* Sur 


more available than those of most other 
varieties. 

Experiments 1 and 9 were made with 
the same boiler, as were experiments 2 
and 4, but in these latter experiments the 
quality of the steam was not tested, and 
the feed water was measured with a 
meter. Experiments 3 and 8 are the 
Centennial tests. In experiment 5, the 
quality of the steam was not tested. 
Table XXII. is intended to show the 
value of furnace heating-surface in im- 
proving the performance of wasteful 
boilers, and in rendvring boilers economi- 
cal when forced to their utmost capacity. 
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.52 
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.876) 0. 
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61 
59 
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34.6 
150 
467° 


.67 
.98 


51.9 
205 


41.81) 39. 
165° .8 110 
326° 453 


40.1 
160° 


0 
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81.5 | 62.5 | 71.63 
16.18 13.708, 14.94 
407 568 | 1301 | 
13.58) 11.22)12.63 
0.261, 0.268 0.319 
4519 | 6591 | 14583 
150.63 129.86 141.58 
2.90; 3.11) 3.57 


70 
21.43 
563 
12.24 
0.354 
6339 
137.81 14 
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14.00 
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6436 
4 


89 
236 
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23 8.00 
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822 0.858 0.8: 
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10. 
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893, 0.934 0. 


face. 


facturers of these devices have succeeded 
in rendering them durable. It needs no 
argument to demonstrate the utility of 
such an attachment, if experience proves 
that it does not burn out. The table 
also shows the economv of extending the 
heating-surface, or what is the same 
thing, running a boiler at about half ea- 
pacity. This is not the usual practice in 
large establishments, nor is it generally 
desirable ; for the experiments show that 
the six tubular boilers, experiments 4, 5, 
6, could readily be made to do all the 
work of the 16 cylinder boilers in addi- 
tion to their reported performance, and 





The heating-surface known as a genera- 


tor attachment, the effect of which has| 
already been illustrated in the Centennial | 
tests, is placed close to the hottest fire | 
and the most highly heated gases of the|of coal. 


furnace. The idea of such an attach- 


ment is very old, but it is only within a| 


comparatively short time that the manu-| being made to burn as much coal as pos- 


with more economy than is obtained by 
the combination of cylinder and tubular 
boilers. Experiments 1, 2, 3, Table 
XXII, were made with the same quality 
In experiments 2 and 3 the 
boilers were forced to their utmost capa- 
city with natural draft, a special effort 
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Taste XXII. 


TEsTs OF WATER-TUBE, FIRE-TUBE, AND CYLINDER BOILERS. 





| 





| Cylindriciil | 
| tubular boil- | 
ers, with 
| Stead’s gen- 
erator attach- 
ment, consist- 
ing of water 
bridge- wall, | 
and coils in 
furnace and 
connection | 
chamber. 


ge-wall, 


‘Jar, and 16 cylinder 


| 6 cylindrical tubu- 


boilers. Tubular, 
6 feet by 15, 
100 tubes, 3 inch. 
Cylinder boiler, 
30 in. by 30 ft. 


Three cylinder 
boilers, 30 inches 
by 30 feet, with 
and without 
Stead’s generator 
attachment. 
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and coils on sides of furnace. 
feet diameter, 18 feet 


Stead’s water-pipe boiler, with water brid 


| one, 74 heent 4 inches. 
long, 35 tubes, 5 inches. 


for 


all the boilers. 


Averages and totals 


One cylinder boiler. 


One tubular boiler, 


and 
coils under boilers. 
With water bridge-wall, 
coils under boilers, 
and in furnace, 


As originally set. 
With water bridge-wall 





Heating surface, boiler. . 
* generator attachm’t ‘‘ 
Heating surface, total. ...sq. ft. 
Grate surface 
Ratio of heating to grate surface 
ie tube vent ‘ 
Temperature of feed water. . 


PL’ gente surface! 
heating “ 


Pressure of steam, a per sq.| 
in. above atmosphere 
Per cent. of refuse........... 
combustible 
per hour. 
Lbs. A wotes 
four, from and) PL] grate surface! 
H. P. developed, at 30 lbs. per| 
hour, from and at 212°. . 
Lbs. of coal per hour per H. P| 
** combustible ‘‘ 
[])’ of grate surface ‘‘ 2 
Lhe. of water { Per lb. of coal... 
from and at 212° | ‘* combustible 
Actual efficiency 
Theoretical efficiency 


Lbs. of 
at 212 ** heating ‘‘ 
‘* heating ‘ + 

Ratio of actual and theoretical) 


sq. ft.) 


| 
1516. 41202.6| 
— | 259.3] 213.7 
1999. 81775. 7/1416.3) 
| 33 39 
53.8 | 36.3 
0.170| 0.108 
87° | 87° 
433° | 564° | 


80 | 61 | 
14.4 | 13.4 | | 
| 408 | 584] 555 | 
12.1 | 16.1 | 14.2 | 
0.204) 0.301] 0.392) 
| 5837 | 6187 
162. |187.5 
| 2.69 | 3.86 


1206.2 | 
| 8.08 
| 2.59 | 3. 
186 0.160) 0.2 
18 | 8.61 7 
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69.9 
14.2 
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885 |28888 
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7.51 | 2.95 | 
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29.5 962.9 | 
4.04 | 3.26 
3 44 | 2.8 
0.373) 0.856 
| 3.99 10.18 
7.38 | 9.19 | 
8.64 110.71 
0.640) 0.793 
0.714) 0.915 
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sible. 


that the products of combustion return ting when a boiler is forced. 


over the top of the boiler. 


Boiler, experiment 2, is arched, so | show the inferiority of this mode of set- 


Tubular 


Boiler, ex- | boilers, experiments 4, 6, are arched, and 
periment 3, is not arched, and the results | have fuel economizers in the flues, repre- 
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TEsts OF CYLINDRICAL TUBULAR BOILERS, AT DIFFERENT RATES OF COMBUSTION. 
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with 36 tubes, 4 inches. ; 


Three boilers, each 3. 


33 


Four boilers, each 4 feet 
diameter, 14 feet long, 
Three boilers, each 5 ft. 
diameter, 16 feet long, 
with 80 tubes, 3 inches. 
One boiler, 4 feet 
diameter, 14 feet long, 
with 49 tubes, 3 inches. 
One boiler, 4 feet 
diameter, 15 feet long, 
with 36 tubes, 4 inches. 
Four boilers each 4 feet 
diameter, 14 feet long, 
with 60 tubes, 3 inches. 
One boiler, 4 feet 
diameter, 15 feet long, 
ft. diameter, 17 ft. long, 
with 19 tubes, 4 inches. 








& 


t-3=2 


ns 


Heating surface 626 .74 688 .72 2990.8 688.7 
Grate - 18 14 64 14 
Ratio of heating to grate surface ‘ 45. | 34.82) 49.19 46.78) 49.19 21.9 
‘* tube vent .155 0.185 0.112) 0.193 0.155) 0.193 0.074 
Height of boiler above grate i : 20.5 | 23 28 | 18.5 | 28 — 
Temperature of feed water.. we eeeecceee «/153°87) 109° [157991 52° .59'161°55/71° .05) 150° 
flue 476° 292°94 331°14 387°72 878°18 543° 
Pressure of steam, Ibs. 98. 41.3 | 67.42) 70.38 87.37 70.67 70 
Per cent. of refuse R 17.31, 3.8 | 7.24 | 8.49 | 6.54 20.84 
Lbs. of ‘ 2 519 120 138 635 259 640 
combustible ~ Per sq. ft. of grate surface j 6.91 | 6.68 | 9.84 | 9.90 | 18.49 10 92 
per hour. | (094 0.154 0.192 0.200] 0.212 0.376 0.499 
Lbs. of water ev: apo- § 7 6699 1154 | 1471 5796 2385 6767 
rated per hour, Per sq. ft. of grate surface. |46. 89.32 64.12 105.06 90.56170. 36 115.43 
oneanhaneen. ¢ “ heating ‘ | 0.99 | 1.98 | 1.84 2.18 | 1.94 8. 
Horse power developed, at 30 Ibs. per hour, 
from and at 212° 99. 293.3 | 38.5 49. 193.2 79.5 


re 
oe 
D vo 
« @ 
— 


or ve 
os 
wo 


Lbs. of coul per hour per horse power | 3.24 | 2.80 | 3.25 | 3.03 | 3.59 | 3. 
2 


** combustible ‘ .85 | 2.82 | 3.18 | 2.81 | 3.16 | 3. 
Sq. ft. of grate surface | 0.646 0.336 0.468) 0.286) 0.331) 0. 

*« heating “ i 30.21 | 15.1 16.29 14.05 |15.48 | 8. 
Lbs. of water evaporated { Per Ib. of coal....| 9.25 |10.70 | 9.23 | 9.90 | 8.35 | 8. 

from and at 212° = combustible 10. 52 12.92 | 9.60 10.68 | 9.13 | 9. 
Actual efficiency 0.957, 0.711, 0.791; 0.676) 0. 
Theoretical efficiency .950, 0.946) 0.941) 0.872 
Ratio of actual and theoretical efficiency ir) 0.985, 0.748 0.836 0.719) 0.782 





senting, both in theory and practice, the| Boilers, experiment 2, were not arched, 
most economical mode of setting a plain, | and the results of this experiment were 
cylindrical tubular boiler. In experi-| obtained after resetting the boilers, their 
ments 7, 8,9 the quality of the steam | original evaporation of water from and 
was not tested, and the weight of ashes, | at 212° having been 10.01 lbs. per lb. of 
not being reported, was assumed as) ‘combustible. The experiment shows 
equivalent to the refuse in experiment 5.| that the setting without arch may an- 
Table XXIII. has been prepared to|swer very well for slow combustion. 
show the performance of cylindrical tu- | Experiments 4 and 6 were made with 
bular boilers in practice which repre-| the same boiler, not arched, but having 
sents the average, and which is generally |the Jarvis air-setting. Experiment 7, 
bad.* |Table XXIII, gives the results of what 
Experiments 1 and 5 were made with|is called in the report a comparative 
the same boilers, not arched. | test with the boilers, experiment 7, Table 
“eihin ko aaaniai ton te coroners SEER | but an examination of the rates 
having boilers set by masons who may be good brick- | Of combustion i in the two sets of experi- 
layers, but are not familiar with the laws of combus- ments, renders it probable that it would 


tion ; and also by the practice of many boiler makers | 


who ‘set boilers 73 fixed rule, with th 0 some grate. | be more accurate, if real comparative re- 
ars an u ropo ions, regal ess 0 e@ character | ° 
of tos teal utc ts to bem sults are desired, to compare experiment 
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Taste XXIV. 


Tests OF HORIZONTAL FiRE-TuBE MARINE BOILER, AT DIFFERENT RATES OF 
EVAPORATION AT ATMOSPHERIC PRESSURE. 





COMBUSTION. 
































| 
aleals | 4 | 6|7|es| 9 
| oo | we | 3 ae 

/ . | 8/2&.] s [8s me: es ak 

| = | i=] so] 2 =; — s — Qa 

= | 3 |ES| 6 see 3S |=. ss ES 
sits. 2%) 3S |\2pSs| 2 leg | ac] of 
Item. 7 | 2 |ssl & lest! 2 | °8/Fsi as 

- it 2 25 en S3| « Ea) Ste | YE 
- | 2 |e@!| 8 ssi = | es] 2S) £6 

¥ oy s2 |= iS=2!| oo SS | ke | Sow 

= 3 | =o 5S jpse| = Oe | Pa) se 

5s | ® |/s8/ £ FEE! &S | sk | & < 

ae; 2 | me | © |So™| wm Sy , | es 

£ 18 | ™ Fie =) “ , 

—— = 

Heating surface bxvenansne sq. ft. 949 .93 949 .93'326.01 Pe. 93 949. 93) 949. 93/860 .04 481.99 637.97 
Grate OY phase 36 | 18 36 | 27 | 36 36 | «386 36 

Ratio of joao to grate surface 26.4 | 52.8 | 9.1 | 26. "4 | 35.2 | 26.4 | 23.9 | 18.4 | 17.7 
- draft area sin 0.128) 0.256) 0.014) 0.100) 0. i4s| 0. 128) 0.114! 0.043) 0. aI 
Temperature of feed water..... 62°.1 50°.2 519.12 74°.08 725.25 [779.74 |7 72". 17} 48° | 56° 
fire-room...... 77°.3| 65° |55° 04 |78°.47 |74°.2 94° | 93° (48°.45 57°.69 
” a eee 371° | 899° | 883° | 477° | — |600°+|600° + 600° + 600° + 

Per cent. of refuse ............ 18.5 | 20.3 | 21.3 | 13.6 | 22.4 | 20.3 | 20.8 | 21.4 | 21. 
88, |, 870 | 513 | 549 | 546 | 310) 417 


Lbs. of ( SRR oe 135 152 

combustible < #[]’ grate surface | 3.75 | 8.43 
per hour i “* heating ‘‘ 0.142) 0.160 

Lbs. of water ( . ae 1766 | 1868 


evaporated per ’ 49°)’ crate surface | 48.8 |103.7 
——— i heating “ 1.85 | 1.96 | 
H. P. developed, at 30 lbs. per 
hour, from and at 212°....... 58.9 | 62. 2 | 
Lbs. of coal per hour per H. P. | 2.71 | 3.06 | 
** combustible ‘‘ - 2.35 | 2.44 | 
a 0.612) 0.289) 


[] of grate surface 
‘“« heating ‘“‘ - 16.13 15.26 | 


Lbs. of water ( Per Ib. of coal... 11.31 | 9.80 |10.70 |10.20 /11.03 | 9.70 
13.60 |11.81 |12.92 [12.17 


a neeari * combustible 13.08 |12.29 
Actual efficiency .............. 0.969) 0.910 


.: 267 0.389) 0.540 


43 |10.26 | 19.00] 15.24) 15.16 8.62 11.57 
0 577] 0.634) 0.643, 0 654 
6579 , 3807 | 5325 











1197 | 4370 | 6628 


33.1 121.5 245.1 er 4 182.7 106. 147.2 
3.63 | 4.60 | 6 ~ 02 | 7.64 | 7.91 | 8.32 
39.9 (145.7 ‘220. 9 222.7 |219.3 /126.9 177.5 
2.80 | 2.94 | 2.92 3.09 3.14 | 3.11 | 2.99 
2.21 | 2.54 | 2.27 | 2.47 | 2.49 | 2.44 | 2.35 








0.902 0.247 0 122) 0.162) 0.164) 0.284 0.203 
8.17 | 6.52 | 4 30 | 4.27 | 3.92 | 3.80 | 3.59 


9.54 | 9 65 10.09 
112.05 |12.28 12.77 
1.005 0.875) 0.957) 0.901) 0.893) 0.910 0 946 





Theoretical efficiency ......... 0.977; 0.968) 0.919) 0.866) 0.812) 0.799) 0.780, 0.778 0.77 


Ratio of actual and theoretical 
CHICIONCY.....0.0cccccccsccece 0.992) 0.940 
| 


7, Table XXIII., with experiment 9, 
Table X XI. 

In all the experiments of Tables XXI., 
XXII., XXIII., where the exceptions 
have not been noted, the quality of the 
steam was tested, and the proper correc- 
tions have been applied. 

Among the boilers that have been no- 
ticed in the preceding tables, the only 
one of the sectional variety which seems 
to have been designed with any very pro- 
nounced idea of the importance of the 
disposition of the heating-surface is that 
of experiment 1, Table “XXIL, and the 
results of this disposition seem to be 
very favorable. This boiler differs from 
most others of the water-tube variety in 
being composed of horizontal tubes ar- 





| 


1.099) 1.012) 1.179] 1.184) 1.144 1.169 1.222 
| | 


i 1 








ranged in sections connected at the ends 
by castings which have the general form 
of return-bends, and which are provided 
with hand-holes so as to give access to 


the interior of the tubes. The boiler is 
of quite recent design, and, not having 
come into very extensive use as yet, its 
true commercial value can only be settled 
by further experience. It is noticed in 
this connection, on account of the fact 
that it seems to possess many charac- 
teristics of — together with improve- 
ments upon—the only sectional boiler 
that has has ever been successfully em- 
ployed for marine purposes, so far as the 
writer is aware. Reference is made to the 
Belleville boiler, which is manufactured 
in France, and which is largely used on 
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Taste XXV. 


Tests OF VERTICAL WATER-TUBE MARINE BorLerR, AT DIFFERENT RATES OF COMBUSTION. 
EVAPORATION AT ATMOSPHERIC PRESSURE. 





Grate | 
surface Grate 
| and /| surface! 
| draft | re- 
jarea re-| duced. 
| duced. | 


| Grate 
surface 


re- 
| duced. 


Boiler Bars between 
tubes. 


built. Forced draft. 


| 
Bars between tubes. | 
| 





Heating surface. . vo SQ. ft. -«" 81 1204, 81 1264. 81 1264. 81 1264.81/1264.81/1264.81 1264 81/1264.81 


39 39 39 


Grate 39 49 


7 rr 70. 3 | 
0.111 | 0.308 | 


Ratio of htg. to grate surface 
‘“« draft area “ 
Temperature of feed water.) 40° 49°.7 | 
** fire room..| 59°.66) 57° 
7 316° 264° 
Per cent. of refuse 19.5 | 25.3 
Lbs. of j 180 228 | 
combustible 9.96 | 12.66 
per hour. 0.142 | 0.180 
Lbs, of water { Total 2396 | 3028 
evaporated per | W[]’ grate*...| 182.5 | 168.9 
at 212° “* heating*, 1.88 | 2.40 
H. P. developed, at 30 Ibs. 
per hour, from and at 212°, 79.9 | 
Lbs. of coal # hour, PH.P.| 2.80 
“* combustible “ = 2.25 | 
{grate surface “* | 0.225 
‘heating ‘‘ ** | 15.84 
obs: of water ( # Ib. of coal.) 10.72 
nd f ““combusti’e) 13.31 | 
0.986 
0.977 


PL grate*. .. 
heating * 


100.9 
3.02 
2.26 

0.178 

12.53 
9.94 

13.28 

0.984 

0.957 


andat 212° 
Actual efficiency 
Theoretical efficiency 

Ratio of actual and theo- 


retical efficiency | 1.028 | 


1.001 
0.946 


1.061 


39 
32.4] 82.4] 82.4] 382.4 { 
0.100 | 0.111 0. 100 | 0.111 
W5° | 72°.17 ce 
91° 93 
322 861° 
20.8 | 238.8 
804 337 
7.78 8.84 | 
0.240 | 0.266 
4517 4738 
115.9 | 121.5 
8.58 | 3.75 


157.9 
2.55 | 2.80 
2.01 2 13 

0.259 | 0.247 
8.40 | 8.01 

11.77 | 10.71 

14.86 | 14.06 

1.101 | 1.042 

0.930 | 0.919 


150.6 


1.101 | 1.184 | 1.133 





* Surface. 


land, and has been employed successfully 
for several years, according to official re- 
ports, in vessels belonging to the French 
Navy. 

In the experiments detailed in Tables 
XXI., XXII., XXIII. it will be ob- 
served that the actual and theoretical ef- 
ficiency, together with the ratio of these 
efficiencies, have been given for each ex- 
periment, calculated from the data of 
Table XVI., on the assumption that the 
evaporation corresponding to an efficiency 
of unity is 13.5 lbs. of water from and at 
212° per lb. of combustible. With ratios 
so obtained, the effects of the different 
rates of combustion are equalized, so that 
the different economical results are 
strictly comparable, except for the differ- 
ences in size or quality of fuel. The 

Vout. XXX.—No. 6—32 


reader will doubtless understand that 
the rate of combustion spoken of is re- 
ferred to the unit of heating-surface. 
Experiments with boilers are sometimes 
compared with respect to the rate of 
combustion per unit of grate-surface or 
of time; but if the ratios of heating to 
grate-surface differ in the several boilers, 
such a comparison determines absolute 
rather than relative economic values. 

The preceding tables cover a wide 
range of boiler design and management, 
and are worthy of careful examination by 
all those who are interested in the use 
of, or manufacture of, steam generators. 
The present discussion is far from ex- 


haustive, but it is hoped that it will be 


suggestive to the reader. In this con- 
nection it seems proper to present some 
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Taste XXVI. 


EXPERIMENTS ILLUSTRATING EFFICENCY OF FuRNACE HEATING-SURFACE. 





Item. 


Heating surface 
Grate _ 
Ratio of heating to grate surface 
Ratio of draft area to grate surface 
Temperature of feed-water, 
Temperature of fire-room 
Temperature of flue 
Pressure of steam, lbs. per sq. in. 
Per cent. of refuse 
Lbs. of ( 
combustible ; Per sq. ft. of grate surface 
per hour. i Per sq. ft. of he: ating surface 
Lbs. of water evapo- 


above atmosphere. 


Horizontal 


fire-tube 


Vertical 


water-tube 


marineboiler.' marine boiler. 


— Tubes Boiler Tubes 


built, closed 


as 


built. 


as 
closed 


Horizontal 
fire-tube 
marine boiler, 
Brooklyn 
Navy Yard. 


Boiler, Tubes 
as 


built. | closed 





36 36 
5 $2 
0.067 


67°. 


259 
7.19 
11215 
2133 | 


59.3 


svateeceawne sq. it. 949.93 213.23 1264. 81 


39 
32.4 
0. 142 
58 
68°.1 
299 
0. 
20.4 
254 
6.50 
0.201 
3442 


87.89 


180.73 
39 
4.63 
0.068 
67°.4 
70°.9 
0. 
16.3 
261 
6.70 
1.45 
2123 
54.54 


150.3 
10.8 
3.9 
0. (92 
100 


a et 


to* 
Otormeor 
w 


— 


20 
14.7 
101 
9 38 
0.674 
919 
85.2 


rated per hour, from - 
and at 212°. 

H. P. develope d, at 30 Ibs. 

Lbs. of coal per hour, per horse-power 


Lbs. of combustible per hour, per hor se-power.. 


Sq. ft. of grate surface 
Sq. ft. of heating surface es 
Lbs. of water evapo- { Per lb. of coal 
rated from and at 212°. 


Actual efficiency........... 
Theoretical efficiency 


Per sq. ft. of grate surface...; 90.42 
Per sq. ft. of heating surface.) 3.4¢ 
# hour, from and at 212 


{ Per lb. of combustible .... 
Per cent. of evaporation due to furnace htg. surface. 


11.80 
70.8 
4.41 
3.69 | 
0.551 
2.55 
6.81 | 
. 14 | 
—_ 60. | 
1.001 | 0.603 
0.946 | 0.599 
1.006 


6.12 
30.6 


10.01) 2.71 
71.1 (114.7 
4.39 | 2.78 
3.64 | 2.21 
0.506) 0.340 
3.00 | 11.02 
6.84 | 10.79 
8.24 | 13.55 
64.8 
0.610 
0.640 
0.953, 1.061 


0.499 


0.875| 1.173 





of the maximum evaporative results that | 
have been obtained in accurate trials, 
with sufficient detail to show the reasons 
for the same. These results are selected 
from the “ Report of ‘The Board of En- 
gineers’ on the Experiments tried with 
the Horizontal Fire-Tube and the Verti- 
cal Water-Tube Boilers.” Philadelphia : 
1868. Table XXIV. gives results obtained 
with the horizontal! fire-tube boiler, and 
Table XXYV. results of experiments with 
the vertical water-tube boiler, the rates 
of combustion for each boiler covering 
about the same rates as obtained in 
the Centennial boiler tests. In these 
tables the value of furnace heating-sur- 
face is shown most decisively, the highest 
evaporative ratio of each boiler corre- 


sponding to the highest rate of combus- | 


tion, and all the actual results, with two 
exceptions in the case of the horizontal 
fire-tube boiler, exceeding the theoretical 
results which have been found to agree 
so well with the practical performance of 
what may be called good in distinction to 
the best boilers. ‘The marine boiler of 
the future ought certainly to be as eco- 
nomical as the marine boiler of 1868. 
Now, in all the preceding tests with an- 
thracite coal, there is only one boiler 
whose actual performance exceeds the 
theoretical result, and that is a sectional 
boiler, experiment 1, Table XXI., with 
some very efficient furnace heating-surface. 
This is a suggestive fact. 

The evaporative result, experiment 5, 
Table XXV., 14.86 lbs. of water from and 
at 212° per "lb. of combustible, is the 





THE COMPOUND 


STEAM ENGINE, 





Taste XXVILI. 


EXPERIMENTS ILLUSTRATING THE EFFECT OF 


Appineé TuscuLarR HEatineG-SuRFACE TO 


THAT OF THE FURNACE. 


Horizontal fire- 
tube boiler. 


Item. 


Tubes 


closed. 


Relative heating surface. ‘ 1.000 
Relative evaporation from and 
at 212° per lb. of combustible. . 


Relative horse-power developed. 


1.000 
1.000 


largest obtained by any reliable experi-| 


ment with which the writer is acquainted. 
Prof. Rankine reports an experiment 
(“Manuai of the Steam Engine, and 
Other Prime Movers,” 5th edition, p. 28) 
with the Earl of Dundonaid’s boiler, using 
hand-picked Liangennech coal, in which 
the evaporation was 14.2 lbs. ; and in an 


experiment made by the writer (see “ En- | ¢ 


gineering,” XXVIII., 378) with two 
boilers of the flue and return-tubular ma- 
rine type, using anthracite coal of excep 
tional quality, fired by an expert, the 
evaporation was 14.54 lbs. 

The experiments made by the “ Board 
of Engineers” were so varied in charac- 
ter, that it is possible to determine the 
value of nearly every portion of the heat- 
ing-surface of the boilers which they 
tested. Table XXVI. contains four ex- 
periments selected from the report of this 
Board, and two from “ Experimental re- 
searches in Steam Engineering,” illustrat- 
ing the value of furnace heating-surface 
In each pair of experiments all the condi- 
tions were approximately the same, ex- 
cept the amount of heating-surface. It 
will be noticed that the per cent. of evap- 
oration due to the furnace heating-sur- 
face varies in the several sets of experi- 
ments, and this is because the ratio of 
furnace to total heating-surface also va- 
ries. The latter ratio is: 

For experiments 1 and 2.. 

- - 3 and 4.... 
“ 5 and 6.... 


0.224 
0.143 
0.303 


“ec 


|which the heating 


Horizontal fire- 
tube boiler. 


Vertical water- 
tube boiler. 


Tube As Tubes 
spaces 


closed. 


As 


built. built. closed. built. 


1.000 6.999 1.000 3.303 


1.000 1.149 
1.000 1.257 


1.000 
1.000 


1.666 
1.621 


The experiments in Table XXVL, 
which are there arranged to show the 

value of the furnace he: ating surface, also 
illustrate in a striking manner (see Table 
XXVII.) the relative inefficiency of the 
tubular heating-surface, or the compara- 
tively great extension of this heating- 
surface which is requisite for a slight in- 
rease in economy or capacity. 

Although the experiments cited in this 
paper have not been presented in full de- 
tail, the most useful items have been se- 
lected or calculated from the original 
data, and only those experiments have 
been quoted that were sufficiently de- 
tailed in the original reports to render it 
easy to verify every calculated item. Any 
one who consults for the first time the 
original reports of experiments, for the 
purpose of making such a selection, will 
be surprised to find what a small propor- 
tion of the whole number contain all the 
original data necessary for checking the 
calculated results. The original data 
given in a report ought to comprise all 
the observations and measurements made 
by the experimenter, so as to enable any 
one to check his calculations or to extend 
them if itis desirable. A good illustration 
of conformity to this principle is to be 
found in the logs accompanying the re- 
port of the Centennial tests, and it is 
believed that data are there given for 
checking every item in the tables of re- 
sults, except that the measurements from 
surfaces and draft 
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E. 





OBSERVED Data. 





Number for 


reference. 


Item. 


| 
| 


Boiler as 


| originally 


set. 


| 


lBoilerwith 
| generator 
| attach- 
| ment. 





90D 


WKH OSDRIOMTA 


Trial commenced at 


| Trial ended next day, at 


Lbs. of wood used to start fire 


| Lbs. of coal put into furnace 
| Lbs. of refuse | 


Lbs. of feed water (apparent evaporation) 
Index of meter, at commencement of test 
Index of meter, at end of test 


| Average steam pressure, Ibs per sq. in. above atmosphere 

| Average temperature of feed water 

| Average temperature of flue 

| Average steam pressure, Ibs. per sq. in above atmosphere, in tests 


for quality ‘of steam 
| Average weight of steam condensed, Ibs...............2eeeeeeee 
Average temperature of condensed steam 
Average weight of condensing water, IbS..............ccecseees 
Average initial temperature of condensing water. 


| Final 

| CALCULATED RESULTS. 

| Heating- surface of boiler 

Heating. surface of generator attachment 
Heating-surface total 
RRO ERS ° 

| Tube cross-section 

| Chimney cross-section 

| Ratio of heating to grate-surface 

| Ratio of tube cross-section to grate-surface 

| Ratio of chimney cross-section to grate-surface 
Duration of test, 


Total weight of combustible, lbs. 
Per cent of refuse 
Quality of steam compared with saturated steam (= unity) 
Actual evaporation, from temperature of feed, at observed steam} 
pressure, lbs 
Actual evaporation from and at 212°, Ibs........c.cccccccsccccel 
Lbs. of 
coal - Per sq. ft. of grate-surface. . 
per hour l Per sq. ft. of heating-surface 
Lbs. of ( Total 
combustibe + Per sq. ft. of grate- RR RT COL ELAS TR TE 
per hour. | Per sq. ft. of he ating-surface. 
Lbs. of water evaporated ( Total 
per hour, from temperature ; Per sq. ft. of grate-surface 
of feed, at actual pressure. { Per sq. ft. of ‘heating-surface 





Lbs of water evaporated Total 
per hour, from Per sq. ft. of grate-surface 
and at 212° i Per sq. ft. of heating-surface 
Horse-power developed, at rating of 30 Ibs. of water evaporated) 
per hour, from and at 212° per horse-power 
Lbs. of coal per hour per horse-power 
Lbs. of combustible per hour per horse-power 


Sq. ft. of heating- surface 
Lbs. of water evaporated at actual press- (Per Ib. of coal.. 





Lbs. of water evaporated { Per lb. of coal 

from and at 212°. ( Per lb. of combustible 
Relative heating-surface ° 
Relative evaporation from and at 212°, per Ib. of combustible 
Actual efficiency 
Theoretical efficiency 
Ratio of actual and theoretical efficiency 


| 6.48 A. M. | 


| 6.48 P. M. | 6 


270 
21,030 
3,112 
156,205 
1 1,275 
3,779 
69.5 
44° 
536° 


Sq. ft. of grate-surface per horse-power.... ...... er nr 
ve 


ure from temperature of feed. (Per Ib. of combustible. 


208,394 
18,398 
21,731 

70 
44° 
419° 


70 
10.3 
122 

200 
44° 
100° 


1414.4 


0.9991 


208,198 
251,504 
637 
19.3 
0.378 
540 
16.4 
0 320 
5783 
175.25 
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areas were calculated have been omitted. 

It may not be amiss to conclude this 

paper with a report of a boiler test, de- 

tailing all the observations and measure- 
ments, with the exception of the log 
from which totals and averages have 
been computed. The observed data from 
which the calculations have been made 
are distinguished by italics. It will be 
seen that there are some important ob- 
servations necessary for the calculation 
of results, and others, perhaps quite as 
important, which are not used in calcula- 
tion, but which may be valuable for pur- 
poses of comparison, or to enable others 
to extend the calculations. After what 
has been said in regard to the value of 
furnace heating-surface, no excuse will be 
necessary for selecting an example which 
shows the effect of adding such surface 

to a boiler. . 

Test oF A Hortzontat Tusutar Borer, as 
OriainaLLy SET, AND AFTER THE ADDI- 
TION OF Sreap’s GENERATOR ATTACH- 
MENT. 

Measurements, &c. 

One cylindrical tubular boiler, diameter 
of shell, 6ft.; length, 18ft.; with 64 
tubes, 4 inches outside diameter, and with 
steam dome 3ft. in diameter and 4ft. 
high. 


tion passing from the front-connection 
through a short flue into an iron smoke- 
stack (which is connected with the flue 
of another similar boiler), 3/t. in diam- 
eter, and 56.5ft. in height above the 
grate. Furnace is 6ft. wide, and 5.5ft. 
long. One-half of the shell of the boiler 
is exposed to flame and heated gases, 
of the back tube-head and all of the front 
tube-head. Boiler is set 28 inches above 
grate. Generator uttachment consists 
of bridge-wall drum, diameter, 17 inches; 
length, 7 fret; one-half exposed ; side 
coils, 2 pipes, Bin. by 54 ft. ; 6 pipes, 3 
in. by 8ft. ; 2 pipes, Bin. by 9ft.; and 8 
return bends, 3 in.; bottom and back 
coils, 12 pipes, 3in. by 9ft.; 6 pipes, 3in. 
by 5ft. ; and 24 return bends, 8in. ; fur- 
nace arch, containing 15ft. of 2-in. pipe, 
and three headers, each a piece of 4-in, 
pipe-1ft. long. 

The test was conducted by hauling the 
fire from the furnace, starting a fresh 
fire with dry wood, which was weighed, 
and was charged as ;4; of so much coal. All 
coal put into the furnace was weighed, 


i 
0 


Boiler set in brickwork, without | 
arch over top, the products of combus- | 


and at the conclusion of the trial, the fire, 
which had been allowed to burn down, was 
hauled, and the contents of the furnace 
and ash-pit were charged as refuse. The 
coal used was Lehigh anthracite, egg 
size, and the test was made with damper 
open, but without any special effort to 
force the fire. The general feed connec- 
tion of the boiler was broken, the blow- 
off pipe was blanked, and an independent 
feed pipe was attached to the boiler and 
connected with a steam pump, which 
drew its supply from two tanks placed 
on platform scales. The feed water, be- 
fore entering these tanks, passed through 
a 2-inch Worthington meter. A pyrom- 
eter was placed in the front-connection 
of the boiler, and the steam gauge was 
|compared with a standard gauge before 
commencing the trial. The quality of 
the steam generated by the boiler was 
tested hourly by condensing a small por- 
tion in a surface condenser, and noting 
the pressure of the steam before condensa- 
tion, its weight and temperature after con- 
densation, and the weight, initial and final 
temperatures of the condensing water. 
Hourly observations were taken of steam 
pressure, feed temperature, flue tempera- 
| ture, and index of meter. 
——_~@>e———- 

G. Tisstnprer has described to the Paris 
IVI. Academy of Science his new electrical 
|motor for balloons. It consists of a screw pro- 

peller with two helicoidal blades nearly 10ft. in 
diameter, a Siemens dynamo-electrical machine 
of new design, and a light bichromate of potash 
battery. It is intended to propel an elongated 
balloon of about 1000 cubic yards capacity. 
The frame of the screw propeller weighs 154lb., 
is stretched with silk varnished with india- 
rubber lacquer, and kept taut by steel wire 
stretchers. The dynamo-electric machine has 
four electro-magnets in the circuit, and frame 
parts are of cast steel, so as to bring the weight 
down to 121 Ibs. It drives the screw by gear, 
which reduces the speed in the proportion of 
10 to 1; thus, if the coil makes 1200 revolutions 
a minute the screw makes 120. It gives out 220 
foot-pounds per second with a useful effect of 55 
per cent. The bichromate battery gives a bet- 
ter yield than accumulators of the same weight. 
It consists of an element divided into four 
series and arranged in tension. The element 
consists of an ebonite cell holding four litres— 
or 0.88 gallon—and containing ten plates of zinc 
and eleven cakes of retort carbon, arranged al- 
ternately. The immersed surface of the zinc is 
one-third that of the carbons. This battery, 
charged with a highly concentrated and very 
acid solution, is constant for two hours. The 
liquid becomes heated as it is impoverished, 
and the duration of activity may be prolonged 
by the addition of chromic acid. 





VAN NOSTRAND’S 


ENGINEERING MAGAZINE. 





THE SIX GATEWAYS OF KNOWLEDGE .* 


From ‘“ Nature.” 


I tTHank you most warmly for the 
honor you have done me in electing me 
to be your president. I value the honor 
very highly; but when I look at the list 
of distinguished men who have preceded 
me in the office, I feel alarmed at the re- 
sponsibility I have undertaken. A very 
pleasing duty, however, has been already 
performed in the interesting and not 
onerous function we have now gone 
through. I would gladly speak on the 
several subjects, for merit in the study of 
which these prizes have been awarded ; 
but I am afraid that if I were to do so, it 
would be more for my own gratification 
than for your pleasure and profit, and I 
feel that I shall best consult your wishes 
in passing on at once to the subject of 
the address which it becomes my duty to 

ive. 

The title of the subject upon which I 
am going to speak this evening might be | 
— if I were asked to give it a title—‘‘ The 
I feel | 


Six Gateways of Knowledge.” 
that the subject I am about to bring be- 
fore you is closely connected with the 
studies for which the several prizes have | 


been given. The question I am going to 
ask you to think of is: What are the 
means by which the human mind ac- 
quires knowledge of external matter? 
John Bunyan likens the human soul to 
a citadel on a hill, self-contained, having 
no means of communication with the 
outer world, except by five gates—Eye 
Gate, Ear Gate, Mouth Gate, Nose Gate, 
and Feel Gate. 
want of a word here. 
the sense of “touch,” a designation 
which to this day is so commonly used 
that I can scarcely accuse it of being in- 
correct. At the same time, the more 


correct and distinct designation undoubt- | 
| has not I think been carried out so much 


edly is, the sense of touch. The late Dr. 
George Wilson, first Professor of Tech- 


nology in the University of Edinburgh, | 
gave, some time before his death, a beau- | 


tiful little book under the title of “ The 
Five Gateways of Knowledge,” in which 


* An address at the Midland Institute, Birmingham, 
October 3, 1883, by Prof. Sir William Thomson, LL.D., 
F.R.S., President. : 


Bunyan clearly was in| 
> uses “feel” in | 
He uses ‘feel’ 


'he quotes John Bunyan in the manner I 


have indicated to you. ButI have said 
siz gateways of knowledge, and I must 
endeavor to justify this saying. I am go- 
ing to try to prove to you that we have six 
senses—that if we are to number the 
senses at all we must make them six. 
The only census of the senses, so far 
as I am aware, that ever made them more 
than five before was the Irishman’s reck- 
oning of seven senses. I presume the 
Irishman’s seventh sense was common 
sense; and I believe that the large pos- 
session of that virtue by my countrymen 
—I speak as an Irishman—lI say the large 
possession of the seventh sense, which I 
believe Irishmen have, and the exercise 
of it, will do more to alleviate the woes 
of Ireland than even the removal of the 
melancholy ocean which surrounds its 
shores. Still I cannot scientifically see 
how we can make more than six senses. 
I shall, however, should time permit, re- 
turn to this question of a seventh sense, 


'and I shall endeavor to throw out sug- 


gestions towards answering the question 
—is there, or is there not, a magnetic 
sense? It is possible that there is, but 


|facts and observations so far give us no 
| evidence that there is a magnetic sense. 


The six senses that I intend to explain, 
so far as I can, this evening, are accord- 
ing to the ordinary enumeration, the 
sense of sight, the sense of hearing, the 
sense of smell, the sense of taste, and the 
sense of touch, divided into two depart- 
ments. A hundred years ago Dr. Thomas 
Reid, Professor of Moral Philosophy in 
the University of Glasgow, pointed out 
that there was a broad distinction be- 
tween the sense of roughness or of re- 
sistance, which was possessed by the 
hand, and the sense of heat. Reid’s idea 


as it deserves. We do not, I believe, find 
in any of the elementary treatises on nat- 
ural philosophy, or in the physiologists’ 
writings upon the senses, a distinct reck- 
oning of six senses. We have a great 


|deal of explanation about the muscular 


sense, and the tactile sense ; but we have 
not a clear and broad distinction of the 
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sense of touch into two departments, | 


which seems to me to follow from Dr. 
Thomas Reid’s way of explaining the 
sense of touch, although he does not him- 


self distinctly formulate the distinction I | 


am now going to explain. 

The sense of touch, of which the organ 
commonly considered is the hand, but 
which is possessed by the whole sensitive 
surface of the body, is very distinctly a 
double quality. If I touch any object, I 
perceive a complication of sensations. I 
perceive a certain sense of roughness, but 
I also perceive a very distinct sensation, 
which is not of roughness, or of smooth- 
ness. There are two sensations here, let 
us try to analyze them. Let me dip my 
hand into this bow] of hot water. The 
moment I touch the water, I perceive a 
very distinct sensation, a sensation of 
heat. Is that a sensation of roughness, 
or of smoothness? No. Again, I dip my 
hand into this basin of iced water. I per- 
ceive a very distinct sensation. Is this 
sensation of roughness, or of smooth- 
ness? No. Is this comparable with that 
former sensation of heat? I say yes. Al- 
though it is opposite, it is comparable 
with the sensation of heat. I am not go- 


ra) 
a 


ing to say that we have two sensations in 


this department—a sensation of heat, and 
a sensation of cold. I shall endeavor to 
explain that the perceptions of heat and 
of cold are perceptions of different de- 
grees of one and the same quality, but 
that that quality is markedly different 
from the sense of roughness. Well now, 
what is this sense of roughness? It will 
take me some time to explain it fully, I 
shall therefore say in advance that it is a 
sense of force; and I shall tell you in 
advance, before I justify completely what 
I have to say, that the six senses, regard- 
ing which I wish to give some explana- 
tion, are: the sense of sight, the sense of 
hearing, the sense of taste, the sense of 
smell, the sense of heat, and the sense of 
force. The sense of force is the sixth 
sense; or the senses of heat and of force 
are the sense of touch divided into two, 
to complete the census of six that I am 
endeavoring to demonstrate. 

Now I have hinted at a possible seventh 
sense—a magnetic sense—and though 
out of the line I propose to follow, and 
although time is precious, and does not 
permit much of digression, I wish just to 
remove the idea that I am in any way 


suggesting anything towards that wretch- 
ed superstition of animal magnetism, and 
table-turning, and spiritualism, and mes- 
merism, and clairvoyance, and _ spirit- 
wrapping, of which we have heard so 
much. There is no seventh sense of the 
mystic kind. Clairvoyance, and the like, 
are the result of bad observation chiefly, 
somewhat mixed up, however, with the 
effects of wilful imposture, acting on an 
innocent, trusting mind. But if there is 
not a distinct magnetic sense, I say it is 
a very great wonder that there is not. 
Many present know all about magnet- 
ism. A very large number of pupils have 
gained an immense amount of valuable 
knowledge in various subjects, from the 
classes carried on nightly within the 
walls of the Birmingham and Midland 
Institute; and I can see from the prizes 
that have been awarded, and that I have 
just now had the pleasure of distributing 
for excellence and proficiency in this de- 
partment, that many have learned of mag- 
netism. I had the pleasure of seeing the 
class-rooms this morning, and I wished 
I could be in them in the evening to see 
the studies as carried on in them every 
evening. Well now, the study of mag- 
netism is the study of a very recondite 
subject. We all know a little about the 
mariner’s compass, the needle pointing 
to the north, and so on; but not many of 
us have gone far into the subject, 
and not many of us understand all 
the recent discoveries in electromagnet- 
ism. I could wish, had I the apparatus 
here, and if you would allow me, to show 
you an experiment in magnetism. If we 
had before us a powerful magnet, or say 
the machine that is giving us this beauti- 
ful electric light by which the hall is il- 
luminated, it, serving to excite an elec- 
tro-magnet, would be one part of our 
apparatus ; the other part would be a 
piece of copper. Suppose then we had 
this apparatus, I would show you a very 
wonderful discovery made by Faraday 
and worked out admirably by Foucault, 
an excellent French experimenter. I 
have said that one part of this apparatus 
would be a piece of copper, but silver 
would answer as well. Probably no 
other metal than copper or silver—cer- 
| tainly no other one, of all the metals that 
|are well known, and obtainable for ordi- 
/nary experiments—possesses, and no 
| other metal or substance, whether metal- 
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lic or not, is known to possess, in any- 
thing like the same degree as copper and 


silver, the quality I am now going to call | 
| believe and feel that the experiment is 


attention to. 

The quality I refer to is “ electric con- 
ductivity,” and the result of that quality 
in the experiment Iam now going to de- 
scribe is, that a piece of copper or a piece of 
silver, let fall between the poles of a mag- 
net, will fall down slowly as if it were 
falling through mud. I take this body 
and let it fall. Many of you here will be 
able to calculate what fraction of a second 
it takes to fall one foot. If I took this 
piece of copper, placed it just above the 
space between the poles of a powerful 
electromagnet and let it go, you would | 
see it fall slowly down before you; it) 


proved even yet, although nothing has 
been found. It is so ‘marvelous that 
there should be no effect at all, that I do 


worth repeating; and that it is worth 
examining, whether or not an exceedingly 
powerful magnetic force has any percep- 
tible effect upon a living vegetable or 
animal body. I spoke then of a seventh 
sense. I think it just possible that there 
may be a magnetic sense. I think it pos- 
sible that an exceedingly powerful mag- 
netic effect may produce a sensation that 
we cannot compare with heat or force or 
any other sensation. 

Another question that often occurs is, 
“Ts there an electric sense?” Has any 
‘human being a perception of electricity 


would perhaps take a quarter of a minute|in the air? Well, somewhat similar pro- 
to fall a few inches. | posals for experiment might, perhaps, be 
This experiment was carried out in a made with reference to electricity ; but 
most powerful manner by Lord Lindsay} there are certain reasons, that would 
(now Lord Crawford), assisted by Mr. | take too long for me to explain, that 
Cromwell F. Varley. Both of those emi- | | prevent me from placing the electric force 
nent men desired to investigate the at all in the same category with magnetic 
phenomena of mesmerism, which had|force. There would be a surface action 
been called animal magnetism ; and they | that would annul practically the force in 
very earnestly set to work to make a real! the interior, there would be a definite 
physical experiment. They asked them-| sensation which we could distinctly trace 
selves, Is it conceivable that, if a piece of | to the sense of touch. Any one putting 
copper can scarcely move through the air | his hand, or his face, or his hair, in the 
between the poles of an electromagnet, a | neighborhood of an electric machine per- 
human being or other living cr reature | ceives a sensation, and on examining it 
placed there would experience no effect? | he finds that there is a current of air 
Lord Lindsay got an enormous electro- | blowing, and his hair is attracted ; and if 
magnet made, so large that the head of | he puts his hand too near he finds that 
any person wishing to try the experiment | there are sparks passing between his 
could get well between the poles, in a re-| hand or face and the machine; so that, 
gion of excessively powerful magnetic | before we come to any subtle question of 
force. What was the result of the ex-|a possible sense of electric force, we have 
periment? IfI were to say nothing/ I} distinct mechanical agencies which give 
should do it scant justice. The result | rise to senses of temperature and force ; 
was marvelous, and the marvel is that | but that this mysterious, wonderful, mag- 
nothing was perceived. Your head, in a| netic force, due, as we know, to rotations 
space through which a piece of copper|of the molecules, could be absolutely 
falls as if through mud, perceives noth- | | without effect—without perceptible effect 
ing. I say this isa very great wonder ;|—on animal economy, seems a very won- 
but I do not admit, I ‘do not feel, that | | derful result, and at ‘all events it is a sub- 
the investigation of the subject is com-|ject deserving careful investigation. I 
pleted. I cannot think that the quality| hope no one will think I am favoring 
of matter in space which produces such a | the superstition of mesmerism in what I 
prodigious effect upon a piece of metal | have said. 
can be absolutely without any—it is cer-| I intend to explain a little more fully 
tainly not without any—effect whatever | our perceptions in connection with the 
on the matter of a living body ; and that | double sense of touch—the sense of tem- 
it can be absolutely without any percept- | perature and the sense of foree—should 
ible effect whatever on the matter of a|time permit before I conclude. But I 
living body placed there seems to me not | must first say something of the other 
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senses, because if I speak too much about 
the senses of force and heat no time will 
be left for any of the others. Well, now, 
let us think what it is we perceive in the 
sense of hearing. Acoustics is one of the 
studies of the Birmingham and Midland In- 
stitute, of which we have heard many times 
this evening. Acoustics is the science of 
hearing. And what is hearing? 
ing is perceiving something with the ear. 
What is it we perceive with the ear? It 
is something we can also perceive without 
the ear; something that the greatest 
master of sound, in the poetic and ar- 
tistic sense of the word at all events, that 
ever lived —Beethoven—for a great part 
of his life could not perceive with his ear 
at all. He was deaf for a great part of 
his life, and during that period were com- 
posed some of his grandest musical com- 
positions, and without the possibility of 
his ever hearing them by ear himself ; for 
his hearing by ear was gone from him for 
ever. But he used to stand with a stick 
pressed against the piano and touching 
his teeth, and thus he could hear the 
sounds that he called forth from the in 
strument. Hence, besides the Ear Gate 
of John Bunyan, there is another gate or 
access for the sense of hearing. 

What is it that you perceive ordinarily 
by the ear—that a healthy person, with- 
out the loss of any of his natural organs 
of sense, perceives with his ear, but which 
can otherwise be perceived, although not 
so satisfactorily or completely? It is 
distinctly a sense of varying pressure. 
When the barometer rises, the pressure 
on the ear increases; when the barome- 
ter falls, that is an indication that the 
pressure on the ear is diminishing. Well, 
if the pressure of air were suddenly to in- 
crease and diminish, say in the course of a 
quarter of a minute—suppose in a quarter 
of a minute the barometer rose one-tenth 
of an inch and fell again, would you perceive 
anything? I doubt it; I do not think 
you would. If the barometer were to 
rise two inches, or three inches, or four 
inches, in the course of half a minute, 
most people would perceive it. I say 
this as a result of observation, because 
people going down in a diving bell have 
exactly the same sensation as they would 
experience if from some unknown cause 
the barometer quickly, in the course 
of half a minute, were to rise five or six 
inches—far above the greatest height it 
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ever stands at in the open air. Well, 
now, we have a sense of barometric press- 
ure, but we have not a continued in- 
dication that allows us to perceive the 
difference between the high and low barom- 
eter. People living at great altitudes—up 
several thousand feet above the level of the 
sea, where the barometer stands several 
inches lower than at sea-level—feel very 
much as they would do at the surface of 
the sea, so far as any sensation of pressure 
is concerned. Keen mountain air feels dif- 
ferent from air in lower places, partly 
because it is colder and drier, but also 
because it is less dense, and you must 
breathe more of it to get the same quan- 
tity of oxygen into your lungs to perform 
those functions which the students of the 
Institute who study animal physiology— 
and I understand there are a large num- 
ber — will perfectly understand. The 
effect of the air in the lungs—the func- 
tion it performs—-depends chiefly on the 
oxygen taken in. If the air has only 
three-quarters of the density it has in our 
ordinary atmosphere here, then one and 
one-third times as much must be inhaled, 
to produce the same oxidizing effect on 
the blood, and the same general effect in 
the animal economy; and in that way 
undoubtedly mountain air has a very dif- 
ferent effect on living creatures from the 
air of the plains. This effect is dis- 
tinctly perceptible in its relation to 
health. 

But I am wandering from my subject, 
which is the consideration of the changes 
of pressure comparable with those that 
produce sound. A diving bell allows us 
to perceive a sudden increase of pressure, 
but not by the ordinary sense of touch. 
The hand does not perceive the difference 
between 15 Ibs. per square inch pressing 
in all around, and 17 lbs., or 18 lbs., or 
20lbs., or even 30 Ibs. per square inch, as 
it experienced when you go down in a 
diving bell. If you go down five and a 
half fathoms in a diving bell, your hand 
is pressed all round with a force of 30 lbs. 
to the square inch; but yet you do not 
perceive any difference in the sense of 
force, any perception of pressure. What 
you do perceive is this: behind the tym- 
panum, is a certain cavity filled with air, 
and a greater pressure on one side of the 
tympanum than on the other gives rise 
to a painful sensation and sometimes pro- 
duces rupture of it in a person going 
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down in a diving bell suddenly. The | 
remedy for the painful sensation thus ex- | 
perienced, or rather I should say its pre-| 
vention, is to keep chewing a piece of | 
hard biscuit, or making believe to do so. | 
If you are chewing a hard biscuit, the | 
operation keeps open a certain passage, 
by which the air pressure gets access to 
the inside of the tympanum, and balances 
the outside pressure and thus prevents 
the painful effect. This painful effect on | 
the ear experienced by going down ina 
diving bell is simply because a certain | 
piece of tissue is being pressed more on 
one side than on the other; and when 
we get such a tremendous force on a 
delicate thing like the tympanum, we may 
experience a great deal of pain, and it| 
may be dangerous; indeed it is danger- | 
ous, and produces rupture or damage to 
the tympanum unless means be adopted 
for obviating the difference in the press- 
ures; but the simple means I have in- 
dicated are, I believe, with all ordinarily 
healthy persons, perfectly successful. 

I am afraid we are no nearer, however, 
to understanding what it is we perceive 
when we hear. To be short it is simply 
this: it is exceedingly sudden changes 
of pressure acting on the tympanum of 
the ear, through such a short time and 
with such moderate force as not to burt | 
it; but to give rise to a very distinct sen- 
sation, which is communicated through a 
train of bones to the auditory nerve. I 
must merely pass over this; the details 
are full of interest, but they would occupy 
us far more than an hour if I entered 
upon them at all. As soon as we get to 
the nerves and the bones, we have gone 
beyond the subject I proposed to speak 
upon. My subject belongs to physical 
science — what is called in Scotland 
Natural Philosophy. Physical science 
refers to dead matter, and I have gone 
beyond the range whenever I speak of a 
living body; but we must speak of a 
living body in dealing with the senses as 
the means of perceiving—as the means 
by which, in John Bunyan’s language, 
the soul in its citadel acquires a knowl- 
edge of external matter. The physicist 
has to think of the organs of sense, merely 
as he thinks of the microscope; he has 
nothing to do with physiology. He hasa 
great deal to do with his own eyes and 
hands, however, and must think of them, 
if he would understand what he is doing, | 


of pressure of air. 


and wishes to get a reasonable view of 
the subject, whatever it may be, which is 
before him in his own department. 

Now what is the external object of this 
internal action of hearing and perceiving 
sound? The external object is a change 
Well, how are we to 
define a sound simply? It looks a little 
like a vicious circle, but indeed it is not 
so, to say it is sound if we call it a sound 
—if we perceive it is as sound, it 7s sound. 
Any change of pressure, which is so sud- 
den as to let us perceive it is as sound is 
a sound. There [giving a sudden clap 
of the hands]—that is a sound. There 
is no question about it—nobody will ever 
ask, Is ita sound ornot? Itis soundif we 
hear it. If you do not hear it, it is not 
to youasound. That is all I can say to 
define sound. To explain what it is, I 
can say, it is change of pressure, and it 
differs from a gradual change of pressure 
as seen on the barometer only in being 
more rapid, so rapid that we perceive it 
as a sound. If you could perceive by 
the ear that the barometer has fallen two- 
tenths of an inch to-day, that would 
be sound. But nobody hears by his ear 
that the barometer has fallen, and so 
he does not perceive the fall as a sound. 
But the same difference of pressure 
coming on us suddenly—a fall of the ba- 
rometer, if by any means it could happen, 
amounting to a tenth of an inch, and 
taking place in a thousandth of a second 
—would affect us quite like sound. A 
sudden rise of the barometer would 
produce a sound analogous to what hap- 
pened when I clapped my hands. What 
is the difference between a noise and 
a musical sound? Musical sound is a 
regular and periodic change of pressure. 
It is an alternate augmentation and dimi- 
nution of air pressure, ocurring rapidly 
enough to be perceived as a sound, and 
taking place with perfect regularity, 
period after period. Noises and musical 
sounds merge into one another. Musical 
sounds have a possibility at least of some- 
times ending in a noise, or tending too 
much to a noise, to altogether please a 
fastidious musical ear. All roughness, 
irregularity, want of regular, smooth pe- 
riodicity, has the effect of playing out of 
tune, or of music that is so complicated 
that it is impossible to say whether it is 
in tune or not. 

But now, with reference to this sense 
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shown to the eye; and one of the most 
beautiful results of mathematics is the 
means of showing to the eye the law of 


treatises which were placed before the| variation, however complicated, of one 
|independent variable. But now for what 


British Association, in the addresses of | 

its president, Prof. Cayley, and of the|really to me seems a marvel of marvels: 
president of the mathematical and physical | think what a complicated thing is the re- 
= “ig peng Both of nag of an gs “ath as 
professors dwelt on the importance of | instruments and two hundred voices sing- 
graphical illustration, and one graphical | ing in chorus accompanied by the orches- 
illustration of Prof. Cayley’s address may | tra. Think of the condition of the air, 
be adduced in respect of this very quality | how it is lacerated sometimes in a com- 
of sound. In the language of mathe- plicated effect. Think of the smooth 
matics we have just “one independent | gradual increase and diminution of press- 
variable ” to deal with in sound, and that | ure—smooth and gradual, though taking 
is air pressure. We have not a compli-| place several hundred times in a second 
cation of motions in various directions. |—when a piece of beautiful harmony is 
We have not the complication that we shall jheard! Whether, however, it be the 
have to think of presently, in connection | single note of the most delicate sound of 
with the sense of force ; complication as/a flute, or the purest piece of harmony of 
to the place of application, and the|two voices singing perfectly in tune; or 
direction, of the force. We have not the | whether it be the crash of an orchestra, 
infinite complications we have in some of|and the high notes, sometimes even 
the other senses, notably smell and taste. | screechings and tearings of the air, which 
We have distinctly only one thing to con- | you may hear fluttering above the sound 
sider, and that is air pressure or the vari- | of the chorus—think of all that, and yet 
ation of air pressure. Now when we|that is not too complicated to be repre- 
have one thing that varies, that, in the|sented by Prof. Cayley, with a piece of 
language of mathematics, is “one inde-|chalk in his hand, drawing on the black- 
pendent variable.” Do not imagine that|board a single line. A single curve, 
mathematics is harsh, and crabbed and|drawn in the manner of the curve of 
repulsive to common sense. It is merely | prices of cotton, describes all that the ear 
the etherealization of common sense.|can possibly hear, as the result of the 
The function of one independent variable |most complicated musical performance. 
that you have here to deal with is the | How is one sound more complicated than 

raccuYr iv r 4 | »? ic ay , ; 

pressure of air on the tympanum. Well|another? It is simply that in the com- 
now ina thousand counting houses and | plicated sound the variations of our one 
business offices in Birmingham and Lon- | independent variable, pressure of air, are 
don, and Glasgow, and Manchester, a|more abrupt, more sudden, less smooth, 
curve, a8 Prof. Cayley pointed out, is/and less distinctly periodic, than they 
regularly used to show to the eye a func-|are in the softer, and purer, and simpler 
tion of one independent variable. The|sound. But the superposition of the 
function of one independent variable most | different effects is really a marvel of mar- 
important in Liverpool perhaps may be|vels; and to think that all the different 
the price of cotton. A curve showing | effects of all the different instruments 
the price of cotton, rising when the price | can be so represented! Think of it in 
of cotton is high, and sinking when the | this way. I suppose everybody present 
price of cotton is low, shows all the| knows what a musical score is—you know, 
complicated changes of that independent | at all events, what the notes of a hymn 
variable to the eye. And so in the Regis-|tune look like, and can understand the 


of sound, there is something I should 
like to say as to the practical lesson to 
be drawn from the great mathematical 


trar-General’s tables of mortality, we have 
curves showing the number of deaths 
from day to day—the painful history of 
an epidemic, shown in a rising branch, 
and the long gradual talus in a falling 
branch of the curve, when the epidemic 
is overcome, and the normal state of 
health is again approached. All that is 


like for a chorus of voices, and accom- 
pavying orchestra—a “ score ” of a whole 
page with a line for each instrument, and 
with perhaps four different lines for four 
voice parts. Think of how much you 
have to put down on a page of manu- 
script or print, to show what the different 





performers are to do. Think, too, how 
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much more there is to be done than any- | is not quick enough to show to the eye, 
thing the composer can put on the page. | the ear hears as a musical sound if the 


Think of the expression which each 
player is able to give, and of the differ- 
ence between a great player on the violin 
and a person who simply grinds success 
fully through his part; think, too, of the 


| period recurs twenty times per second. 
If it recurs twenty, thirty, forty, or fifty 
|times per second, you hear a low note, 
If the period is gradually accelerated, you 
|hear the low note gradually rising, be- 


difference in singing, and of all the ex-|/coming higher and higher, more and 
pression put into a note or a sequence of|more acute, and if it gets up to 256 
notes in singing that cannot be written | periods per second, we have a certain 
down. There is, on the written or print-| note called C in the ordinary musical no- 
ed page, a little wedge showing a dim-| tation. I believe I describe it correctly 
inuendo, and a wedge turned the other |as the low note C, of the tenor voice— 
way showing a crescendo, and that is all | the gravest C that can be made by a flute. 
that the musician can put on paper to | The note of a two-foot organ pipe open 
mark the difference of expression which is jat both ends has 256 periods per second. 
to be given. Well, now, all that can be | Go on higher and higher to 512 periods 
represented by a whole page or two pages | per second, and you have the C above 
of orchestral score, as the specification | that—the chief C of the soprano voice. 
of the sound to be produced in say ten | Go above that to 1,024, you get an octave 
seconds of time, is shown to the eye with | higher. You get an octave higher always 
perfect clearness by a single curve on a|by doubling the number of vibrations 
riband of paper a hundred inches long. | per second, and if you go on till you get 
That to my mind is a wonderful proof of|up to about 5,000 or 6,000 or 10,000 
the potency of mathematics. Do not let! periods per second, the note becomes so 
any student in this Institute be de-| shrill that itceases to excite the human ear 
terred for a moment from the pursuit of|and vou do not hear it any longer. The 
mathematical studies by thinking that) highest note that can be perceived by the 
the great mathematicians get into the| human ear seems to be something like 
realm of four dimensions, where you can- | 10,000 periods per second. I say ** some- 
not follow them. Take what Prof. Cayley | thing like,” because there is no very def- 
himself, in his admirable address, which |inite limit. Some ears cease to hear a 


I have already referred to, told us of the| 
beautiful and splendid power of maithe- | 
matics for etherealizing and illustrating | 
common sense, and you need not be dis-| 
heartened in your study of mathematics, 
but may rather be reinvigorated when 
you think of the power which mathe- 
maticians, devoting their whole lives to| 
the study of mathematics, have succeeded 
in giving to that marvelous science. 

The sense of sight may be compared 
to the sense of sound in this respect. I 
spoke of the sense of sound being caused 
by rapid variations of pressure. I had 
better particularize and say how rapid 
must be the alternations from greatest 
pressure to least, and batk to greatest, 
and how frequently must that period oc- 
cur, to give us the sound of a musical 
note. If the barometer varies once : 
minute you would not perceive that as a 
musical note. But suppose by any me- 
chanical action in the air, you could cause 
the barometric pressure—the air press- 
ure—to vary much more rapidly. That 
change of pressure which the barometer 


note becoming shriller and shriller before 
other ears cease to hear it ; and therefore 
I can only say in a very general way, that 
something like 10,000 periods per second, 
is about the shrillest note the human ear 
is adapted to hear. We may define musi- 
cal notes, therefore, as changes of press- 
ure of the air, regularly alternating in 
periods which lie between 20 and 10,000 
per second. 

Well now, are there vibrations of thirty 
or forty or fifty or a hundred thousand 
or a million of periods per second in air, 
in elastic solids, or in any matter affecting 
our sense? We have no evidence of the 
existence in matter of vibrations of very 
much greater frequency than 10,000 or 
20,000 or 30,000 per second, but we have 
no reason to deny the possibility of such 
vibrations existing, and having a large 
function to perform in nature. But when 
we get to some degree of frequency that 
I cannot put figures upon, to something 
that may be measured in millions, if not 
in hundred thousands of vibrations per 
second, we have not merely passed the 
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| 
limits of the human ear to hear, but we 
have passed the limits of matter, as known 
to us, to vibrate. Vibrations transmitted 
as waves through steel, or air, or water, 
cannot be more frequent than a certain 
number, which I cannot now put a 
figure to, but which, I say, may be reckon- 
ed in hundred-thousands or a few mil- 
lions per second. 

But now let us think of light. Light 
we know to be an influence on the retina 
of the eye, and through the retina on the | 
optic nerve; an influence dependent on 
vibrations whose frequency is something 
between 400 million millions per second 
and 800 million millions per second. Now 
we have a vast gap between 400 per 
second, the sound of a rather high tenor 
voice, and 400 million millions per second, 
the number of vibrations corresponding 
to dull red light—the gravest red light 
of the prismatic spectrum. ‘l'ake the mid-| 
dle of the spectrum—yellow light—the 
period of the vibrations there is in round 
numbers 500 million millions per second. 
In violet light we have 800 million millions 
per second. Beyond that we have some- 


thing that the eye scarcely perceives— 
does not perceive at all perhaps—but which 
I believe it does perceive, though not 


vividly: we have the-ultra violet rays, 
known to us chiefly by their photographic 
effect, but known also by many other 
wonderful experiments, that within the | 
last thirty years have enlarged our knowl- 
edge of light to amost marvelous de- 
gree. We have invisible rays of light 
made visible by letting them fall on a 
certain kind of glass, glass tinged with | 
uranium — that yellowish green glass, 
sometimes called canary glass or chame- 
leon glass. Uranium glass has a property 
rendering visible to us invisible rays. | 
You may hold a piece of uranium glass 
in your hand, illuminated by this electric 
light, or by a candle, or by gas light, or 
hold it in the prismatic spectrum of white 
light, and you see it glowing according 
to the color of the light which falls upon 
it; but place it in the spectrum beyond 
the visible violet end, where without it 
you see nothing, where a piece of chalk 
held up seems quite dark, and the urani- 
um glass glows with a mysterious altered 
color of a beautiful tint, revealing the 
presence of invisible rays, by converting 
them into rays of lower period, and so 
rendering them visible to the eye. The, 


discovery of this property of uranium 
glass was made by Prof. Stokes, and the 
name of fluorescence from fluor spar, 
which he found to have the same pro- 
perty, was given to it. It has since been 
discovered that fluorescence and phos- 
phorescence are continuous, being ex- 
tremes of the same phenomenon. I sup- 
pose most persons here present know the 
Juminous paint made from sulphides of 
calcium and other materials, which, after 
being steeped in light for a certain time, 
keep on for hours giving out light in the 
darkness. Persistence in emission of 
light after the removal of the source, 
which is the characteristic of those phos- 
phorescent objects, is manifested also, 
as Edmund Becquerel has proved, by the 
uranium glass, and thus Stoke’s discovery 
of fluorescence comes to be continuous 
with the old known phenomenon of phos- 
phorescence, to which attention seems to 
have been first called scientifically by 
Robert Boyle about 200 years ago. 
There are other rays, that we do not 
perceive in any of these ways, but that 
we do perceive by our sense of heat: heat 
rays as they are commonly called. But 
in truth all rays that we call light have 
heating effect. Radiant heat and light 
are one and indivisible. There are not 
two things, radiant heat and light: 
radiant heat is identical with light. Take 
a black hot kettle into a dark room, and 
look at it. You do not see it. Hold 
your face or your hand near it, and you 
perceive it by what Bunyan would have 
called Feel Gate ; only now we apply the 
word feeling to other senses as well as 
Touch. You perceive it before you touch 
it. You perceive it with the back of your 


‘hand, or the front of your hand; you 


perceive it with your face, yes, and with 
your eye, but you do not see it. Well, 
now, must I justify the assertion that it 
is not light? You say it is not light, and 
it is not so to you, if you do not see it. 
There has been a good deal of logic- 
chopping about the words here ; we seem 
to define in a vicious circle. We may 
begin by defining light—“It is light if 
you see it as light; it is not light if you 
do not see it.” To save circumlocution, 
we shall take things in that way. Radiant 
heat is light if we see it, it is not light if 
we do not see it. It is not that there are 
two things; it is that radiant heat has 
differences of quality. There are quali- 
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ties of radiant heat that we can see, and| 
if we see them we call them light; there | 
are qualities of radiant heat we cannot 
see, and if we cannot see them we do not 
call them light, but still call them radiant 
heat: and that on the whole seems to be 
the best logic for this subject. 

By the by, I don’t see Logic among the 
studies of the Birmingham and Midland 
Institute. Logic is to language and gram- 
mar what mathematicsis to common sense; 
logic is etherealized grammar. I hope 
the advanced student in grammar and 
Latin and Greek, who needs logic perhaps 
as much as, perhaps more than, most stu- 
dents of science and modern languages, 
will advance to logic, and consider logic 
as the science of using words, to lead him 
to know exactly what he means by them 
when he uses them. More ships have 
been wrecked through bad logic than 
by bad seamanship. When the captain 
writes down in his log—I don’t mean a 
pun here, log has nothing to do with 
logic—the ship's place is so-and-so, he 
means that it is the most probable posi- 
tion —the position which, according to 
previous observations, he thinks is the 
most probable. After that, supposing no 
sights of sun or stars or land to be had, 
careful observation of speed and direc- 
tion shews, by a simple reckoning (called 
technically the dead reckoning), where 
the ship is next day. But sailors too 
often forget that what they put down in 
the log was not the ship’s place, but what 
to their then knowledge was the most 
probable position of the ship, and they 


keep running on as if it was the true) 


position. They forget the meaning of the 
very words in which they have made their 
entry in the log, and through that bad 
logic more ships have been run on the 
rocks than by any other carelessness or 
bad seamanship. It is bad logic that 
leads to trusting to the dead reckoning, 
in running a course at sea; and it is that 
bad logic which is the cause of those ter- 
ribly frequent wrecks ; of steamers, other- 
wise well conducted, in cloudy but per- 
fectly fine weather, running on rocks at 
the end of a long voyage. To enable you 
to understand precisely the meaning of 
your result when you make a note of 
anything about your own experience or 
experiments, and to understand precisely 
the meaning of what you write down, is 
the province of logic. To arrange your 
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record in such a manner that if you look 
at it afterwards it will tell you what it is 
worth, and neither more nor less, is prac- 
tical logic ; and if you exercise that prac- 
tical knowledge, you will find benefits 
that are too obvious if you only think of 
any scientific or practical subject with 
which you are familiar. 

There is danger then of a bad use of 
words, and hence of bad reasoning upon 
them, in speaking of light and radiant 
heat ; butif we distinctly define light as 
that which we consciously perceive as 
light—without attempting to define con- 
sciousness, because we cannot define 
consciousness any more than we can 
define free will—we shall be safe. There 
is no question that you see the thing; if 
you see it, it is light. Well now, when 
is radiant heat light? Radiant heat is 
light when its frequency of vibration is 
between 400 million millions per second 
and 800 million millions per second. 
When its frequency is less than 400 mil- 
lion millions per second it is not light ; it 
is invisible “infra-red” radiant heat. 
When its frequency is more than 800 mil- 
lion millions per second, it is not light if 
we cannot see it ; it is invisible ultra-violet 
radiation, truly radiant heat, but it is not 


/so commonly called radiant heat because 


its heating effect is known rather theo- 
retically than by sensory perception, or 
thermometric or thermoscopic indications. 
Observations which have been actually 
made by Langley and by Abney on 
radiant heat take us down about three 
octaves below violet, and we may hope 
to be brought considerably lower still by 
future observations. We know at present 
in all about four octaves—that is from 
one to two, two to four, four to eight, 
eight to sixteen, hundred million millions 
—of radiant heat. One octave of radiant 
heat is perceptible to the eye as light, the 
octave from 400 million millions to 800 
million millions. I borrowthe word octave 
from music, not in any mystic sense, 
nor as indicating any relation between 
harmony of colors and harmony of sound, 
No relation exists between harmony of 
sound and harmony of colors. I merely 
use the word “octave” as a brief ex- 
pression for any range of frequencies 
lying within the ratio of one to two. If 
you double the frequency of a musical 
note, you raise it an octave: in that sense 
‘I use the word for the moment in respect 
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to light, and in no other sense. Well 
now, think what a tremendous chasm 
there is between the 100 million millions 
per second, which is about the gravest 
hitherto discovered note of invisible ra- 
diant heat, and the 10,000 per second, the 
greatest number of vibrations in sound. 
This is an unknown province of science: 
the investigation of vibrations between 
those two limits is perhaps one of the 
most promising provinces of science for 
the future investigator. 

In conclusion, I wish to bring before 
you the idea that all the senses are re- 
lated to force. The sense of sound, we 
have seen, is merely a sense of very rapid 
changes of air pressure (which is force) 
on the drum of the ear. I have passed 
merely by name over the senses of taste 
and smell. I may say they are chemical 
senses. Taste common salt and taste 
sugar—you tell in a moment the dif- 
ference. The perception of that difference 
is a perception of chemical quality. Well, 
there is a subtle molecular influence here, 
due to the touch of the object, on the 
tongue or the palate, and producing a 
sensation which is a very different thing 
from the ordinarily reckoned sense of 
touch, in the case now considered, telling 
only of roughness and of temperature. 


The most subtle of our senses perhaps is | 
sight ; next comes smell and taste. Prof. | 
Stokes recently told me that he would} 


rather look upon taste and smell and 
sight as being continuous because they 
are all molecular—they all deal with prop- 
erties of matter, not in the gross, but mo- 
lecular actions of matter ; he would rather 
group those three together than he would 
couple any of them with any of the other 
senses. It is not necessary, however, for 
us to reduce all the six senses to one, but 
I would just point out that they are all 
related to force. Chemical action is a 
force, tearing molecules apart, throwing 
or pushing them together: and our 
chemical sense or senses may therefore 
so far at least be regarded as concerned 
with force. That the senses of smell and 
taste are related to one another seems ob- 
vious ; and if physiologists would pardon 
me, I would suggest that they may, with- 
out impropriety, be regarded as extremes 
of one sense. This at all events can be 
said of them, they can be compared— 
which cannot be said of any other two 
senses. 


You cannot say that the shape | 


of a cube, or the roughness of a piece of 
loaf sugar or sandstone, is comparable 
with the temperature of hot water, or is 
like the sound of a trumpet, or that the 
sound of a trumpet is like scarlet, or like 
a rocket, or like a blue-light signal. There 
is no comparability between any of these 
perceptions. But if any one says, “ Thata 
piece of cinnamon tastes like its smell,” I 
think he will express something of general 
experience. The smell and the taste of 
pepper, nutmeg, cloves, cinnamon, vanilla, 
apples, strawberries, and other articles of 
food, particularly spices and fruits, have 
very marked qualities, in which the taste 
and the smell seem essentially comparable. 
It does seem to me, although anatomists 
distinguish between them, because the 
sensory organs concerned are different 
and because they have not discovered a 
continuity between these organs, we 
should not be philosophically wrong in 
saying that smell and taste are extremes 
of one sense—one kind of perceptivity— 
a sense of chemical quality materially 
presented to us. 

Now sense of light and sense of heat 
are very different; but we cannot define 
the difference. You perceive the heat of 
a hot kettle—how? By its radiant heat 
against the face—that is one way. But 
there is another way, not by radiant heat, 
of which I shal] speak later. You per- 
ceive by vision, but still in virtue of ra- 
diant heat, a hot body, if illuminated by 
light, or if hot enough to be self-luminous, 
red-hot or white-hot, you see it; you can 
both see a hot body and perceive it by 
its heat, otherwise than by seeing it. 
Take a piece of red-hot cinder with the 
tongs, or a red-hot poker, and study it; 
carry it into a dark room, and look at it. 
You see it for a certain time; after a cer- 
tain time you cease to see it, but you still 
perceive radiant heat from it. Well now 
there is radiant heat perceived by the 
eye and the face and the hands all the 
time ; but it is perceived only by the sense 
of temperature, when the hot body ceases 
to be red-hot. There is then, to our 
senses, an absolute distinction in modes 
of perception between that which is con- 
tinuous in the external nature of the thing, 
namely, radiant heat in its visible and in- 
visible varieties. It operates upon our 
senses in a way that I cannot ask anato- 
mists to admit to be one and the same in 
both cases. They cannot now, at all 
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events, say that there is an absolute con- 
tinuity between the retina of the eye in 
its perception of radiant heat as light, and 
the skin of the hand in its perception of 
radiant heat as heat. We may come to 
know more; it may yet appear that there 
is a continuity, Some of Darwin’s sub- 
lime speculations may become realities to 
us; and we may come to recognize a cul- 
tivable retina all over the body. We 


have not done that yet, but Darwin's) 


grand idea occurs as suggesting that there 
may be an absolute continuity between 
the perception of radiant heat and by 


the retina of the eye and its perception | 


by the tissues and nerves concerned in 
the mere sense of heat. We must be con- 


tent in the meantime, however, to make | 


a distinction between the senses of light 
and heat. And indeed it must be re- 
marked that our sense of heat is not ex- 
cited by radiant heat only, while it is only 
and essentially radiant heat that gives to 
the retina the sense of light. Hold your 


7 


hand under a red-hot poker in a dark 


room: you perceive it to be hot solely by | 


its radiant heat, and you see it also by 
its radiant heat. Now place the hand 
over it: you feel more of heat. Now, in 


fact, you perceive its heat in three ways | 


—by contact with the heated air which 
has ascended from the poker, and by 


radiant heat felt by your sense of heat, | 


and by radiant heat seen as light (the iron 
being still red-hot). But the sense of heat 
is the same throughout, and is a certain 
effect experienced by the tissue, whether 
it be caused by radiant heat, or by con- 
tact with heated particles of the air. 
Lastly, there remains—and I am afraid 
I have already taxed your patience too 
long—the sense of force. 1 have been 
vehemently attacked for asserting this 
sixth sense. I need not go into the con- 
troversy ; I need not explain to you the 
ground on which I have been attacked ; I 
could not in fact, because in reading the 
attack I have not been able to understand 
it myself. The only tangible ground of 
attack, was, that a writer in New York 
published this theory in 1880. I had 
quoted Dr. Thomas Reid, without giving 
a date; his date chances to be 1780 or 
thereabouts. But physiologists have very 
strenuously resisted admitting that the 
sense of roughness is the same as that 
muscular sense which the metaphysicians 
who followed Dr. Thomas Reid in the 


| University of Glasgow, taught. It was 
in the University of Glasgow that I 
learned the muscular sense, and I have 
not seen it very distinctly stated else- 
where. What is this “muscular sense”? 
I press upon the desk before me with my 
right hand, or I walk forward holding out 
my hand in the dark, and using this means 
to feel my way, as a blind man does con- 
stantly who finds where he is, and guides 
himself by the sense of touch. I walk on 
| until I perceive an obstruction by a sense 
|of force in the palm of the hand. How 
/and where do I perceive this sensation ? 
Anatomists will tell you it is felt in the 
muscles of the arm. Here, then, is a 
force which I perceive in the muscles of 
the arm, and the corresponding percep- 
tivity is properly enough called a mus- 
cular sense. But now take the tip of 
your finger and rub a piece of sandstone, 
or a piece of loaf sugar, or a smooth table. 
Take a piece of loaf sugar between your 
finger and thumb, and take a smooth 
glass between your finger and t.umb. 
You perceive a difference. What is that 
difference? Itis the sense of roughness 
‘and smoothness. Physiologists and anato- 
mists have used the word “tactile” 
sense, to designate it. I confess that 
this does not convey much to my mind. 
“ Tactile” is merely “of or belonging to 
touch,” and in saying we perceive rough- 
ness and smoothness by a tactile sense, 
we are where we were. We are not en- 
lightened by being told that there is a 
tactile sense as a department of our sense 
\of touch. But I say the thing’ thought 
of is a sense of force. We cannot away 
| with it; it is a sense of forces, of direc- 
| tions of forces, and of places of applica- 
| tion of forces. If the places of applica- 
'tion of the forces are the palms of the 
| two hands, we perceive accordingly, and 
_know that we pereeive, in the muscles of 
| the arms, effects of large pressures on the 
palms of the hands. but if the places of 
| application are a hundred little areas on 
one finger, we still perceive the effect as 
force. We distinguish between a uni- 
| formly distributed force like the force of 
|a piece of smooth glass, and forces dis- 
| tributed over ten or a hundred little areas. 
And this is the sense of smoothness and 
roughness. The sense of roughness is 
therefore a sense of forces, and of places 
| of application of forces, just as the sense 
| of forces in your two hands stretched out 
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is the sense of forces in places at a dis- 
tance of six feet apart. Whether the 
places be at a distance of six feet or ata 
distance of one hundredth of an inch, it 
is the sense of forces, and of places of 
application of forces, and of directions of 
forces, that we deal with in the sense of 
touch other than heat. Now anatomists 
and physiologists have a good right to 
distinguish between the kind of excite- 
ment of tissue in the finger, and the 
minute nerves of the skin and sub-skin of 
the finger, by which you perceive rough- 
ness and smoothness, in the one case; 
and of the muscles by which you perceive 
places of application very distant, in the 
other. But whether the forces be so near 
that anatomists cannot distinguish mus- 
cles, cannot point out muscles, resisting 
forces and balancing them—because, re- 
member, when you take a piece of glass 
in your fingers every bit of pressure of 
every ten-thousandth of an inch pressed 
by the glass against the finger is a bal- 
anced foree—or whether they be far asun- 
der and obviously balanced by the mus- 





cles of the two arms, the thing perceived 
is the same in kind. Anatomists do not 
show us muscles balancing the individual 
forces experienced by the small areas of 
the finger itself, when we touch a piece 
of smooth glass, or the individual forces 
in the scores or hundreds of little areas 
experienced when we touch a piece of 
rough sugar or rough sandstone; and 
perhaps it is not by muscles smaller than 
the muscles of the finger as a whole that 
the multitudinousness is dealt with; or 
perhaps, on the other hand, these nerves 
and tissues are continuous in their quali- 
ties with muscles. I go beyond the range 
of my subject whenever I speak of mus- 
cles and nerves; but externally the sense 
of touch other than heat is the same in 
all cases—it is the sense of forces and of 
places of application of forces and of di- 
rections of forces. I hope now I have 
justified the sixth sense; and that you 
will excuse me for having taxed your pa- 
tience so long in not having done it in 
fewer words. 


NOTE ON THE OPTICAL FORMULA EXPRESSING THE RELA- 
TION OF CONJUGATE DISTANCES, AND ON 
THE THEORY OF THE STADIA. 


By R. 8. WOODWARD, C. E. 


Contributed to Van NostRAND’s ENGINEERING MAGAZINE. 


In No. 4, Vol. 30 of this magazine, in 
an article on “The Theory of Stadia 
Measurements,” by Mr. Arthur Winslow, 
some doubt is raised as to the correctness 
and range of applicability of the formul: 
expressing the relation between conjugate 
distances and the principal focal length 
of a lens or system of lenses. Some new 
errors are also added in this article to a 
system of optics already abounding in 
limitations and obscurities, and the re- 
sulting theory of the stadia is left on a 
very insecure basis, especially since an 
appeal is made to experiment to show 
that the usual formula for this instrument 
is applicable if the telescope used has 
the ordinary achromatic objective instead 
of a single bi-convex lens. 

It is desired in this note to show, Ist, 


that although the formula for conjugate | 


Vout. XXX.—No. 6—33 


distances as commonly understood is in- 
accurate, yet, if properly interpreted, this 


formula is not only approximate, but ex- 
act; and, moreover, applies equally with- 
out modification to any combination of 
lenses as well as to a single bi-convex 
lens: 2d, that the ordinary formula for 
the stadia instrument if properly under- 
stood is exact, whatever may be the num- 
ber, kind, or disposition of the lenses in 
the telescope so long as they are proper- 
ly centered. 

The theory of the action of a system of 
lenses on a ray of light passing through 
them was first adequately discussed by 
Gauss in his Dioptrische Untersuchungen, 
1840 (see list of references below). So 
exhaustive was his treatment of the sub- 
ject that few improvements have since 
been made. His memoir is a master- 
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piece of mathematical investigation, and 
the results derived possess at once great 
generality and simplicity. It is an un- 
fortunate fact, however, that this theory 
has not found a place in our English | 
text-books, but instead we have repeated 
errors and assumptions which lead to re- 
sults confessedly approximate without 
showing the degree of approximation, 
and, moreover, results no less complex | 
than the results of the true theory. 

The fundamental assumptions of 
Gauss’s theory of the path of a ray of 
light traversing a system of lenses are: 

1. The bounding surfaces of the media | 
(lenses) through which the light passes | 
are spherical and have their centers of | 
curvature in the same straight line or| 
axis. 

2. The inclination, 7, of the ray at any | 
point of its path is such that sin 7 and | 
tan 7 may be replaced by 7. 

3. The angular width, a, of either 
spherical surface measured at its center, 
is such that sin @ and tan @ may be re-| 
placed by a. 

Let the centers of curvature of the 
several bounding surfaces of a system of 
lenses lie in the axis of X (see diagram). 
Then whatever the number of lenses or 


| Let 2, y, 


same medium, E, F,=E, F,. These focal 
and principal points are fixed for any 
fixed system of lenses. For a system 
composed of a single double convex or a 
single double concave lens, the points 
E,, E, lie somewhat within (not on) the 
bounding surfaces. For methods of de- 
termining the positions of these points in 
any case, reference may be made to the 
works cited at the end of this note. These 
four points afford the following simple 
relations between the codrdinates of an 
object and the codrdinates of its image. 
z, be the codrdinates of any 
point of the object, and x,y,z, the co- 
ordinates of the image of this point. 
Also denote the abscissas of the points 
E,, E,, F,, F, by these same letters respect- 
ively. Then when the incident and 
emergent rays are in the same medium, 
and f is the principal focal length of the 
system, 


(F,—2,) @,—F,)=/" (1) 














Y 


whatever their indices of refraction, there | 











Equations (1) and (2) express the re- 


exist always two pairs of points F,, F,| lation of conjugate distances according 
called focal points, and E., E, called prin- | as they are referred to the pair of points 


cipal points. Rays parallel before inci-|F,, F, or E,, E,. Equation (3) gives the 
dence, and traversing the system of lenses | ratio of corresponding linear dimensions 
in the direction OX, will be brought to|of the object and image. From this 
a focus in a plane cutting OX perpendic- | equation we have evidently 
ularly at F,; conversely, rays parallel | ee ; 
belege incidence and re the sys- oo i+ s me (4) 
tem in the opposite direction, will be | mm * f—«,+F, E,C, 
brought to a focus in a planecuttingOX| This shows that the line B, £, is paral- 
perpendicularly at F,. E,F, and E, F,/lel to B, E,, and in connection with (3), 
are the principal focal lengths of the sys- | gives an easy geometrical construction of 
tem, and in case F, and F, lie in the'the image of any point of an object 


_ 
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when the principal and focal points are 
given, as indicated by the dotted line in 


the diagram. 
To apply this theory to the case of the 


stadia instrument put 
C,E,=/;, C,E,=/, 
AC =7,, A,O,=s’, 


Then equations (2) and (4) become 


Now z,+2’,=A,B, may represent the 
space on a stadia target covered by a 
fixed interval z,+2’,=A,B, in the plane 
of the image of the target, the optical 
axis of the telescope being perpendicular 
to A,B, at C,. Put 

2,+2’,=s, and z,+2’,=s,. 
Then (6) gives 
a 3 @ 
he Si % 
which substituted in (5) gives 
pa 
8 


0 


f,=—etf 

Denote the distance from the center of 
the instrument I to the target by d, and 
the distance IE, from the outer principal 
point of the objective to the center of 
the instrument by c. Then 


(7) 


0 

This, therefore, is the correct formula 
for the stadia instrument (for “hori- 
zontal sight”) whatever the kind of tele- 
scope through which the space s on the 
target is observed. Whether the tele- 
scope be composed of one lens or any 
number of lenses it is only necessary to 
remember that fandc are distances be- 
tween fixed points as defined above, and 
that s, is a fixed interval in the plane of 


f 


d=f, te=Letste 


the image of the object. Hence and 


0 
{+c are constants for any telescope. 
It remains to show how the constants 


z and f+c may be determined with 


precision. Obviously, if two different 
distances d, and the corresponding spaces 





s, be observed, these constants can be 
computed. In all such cases, however, 
it is desirable to have more than the al- 
gebraically sufficient data, and resort to 
the method of least squares. In apply- 
ing this method we might consider both 
the observed quantities d and s subject 
to error, and hence to correction ; but in- 
asmuch as d may be observed with much 
greater precision than s, the latter only 
will be considered subject to error. Since 
the observed quantity must be the abso- 
lute term in an observation-equation, we 
write (7) in the form 

d *2_ 50 ( 74. e)—s=v (8) 

rs 

in which v is the residual or most prob- 
able correction to the observed value of 
s. The error in s will vary directly as 
the distance 7,, or with sufficient accuracy 
as d. Hence the proper weight of the 


Now 


above observation-equation is Pe 
¢ 


put 
Bout du and (f/+c)=w+J4w 


in which uw and w are approximate values 
of the left-hand members of these equa- 
tions respectively, and such that the 
product of the corrections Ju and Jw 
may be neglected. Then (8) becomes 


4u(d—w) —u4w +ud—uw—s=v 


a’ 


Multiply this by the square root of its 
weight, and put for brevity, 


with weight 


w 


d 


u 


=b and 


> 


u— 5 (wo-+8) =—n 


Then the observation-equation will be 
of the type, 


adu—b4w—n=— (9) 


and the normal equations are, 


[aa] 4u—[ab],4w—[an]=o 
—[ad] + [bd] +[bn]=0 


To show the application of these form- 


(10) 
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ulas we take the data furnished by Mr.| quantities are shown in the following 
Winslow on p. 319, Vol. 30, No. 4, of this table. The approximate values assumed 
journal. These data and the derived’ for wu and w are: 





0.4855 ft. | 0.0002000 —0.0000100 
0.9850 ‘ 9850 1000 000 
1.9850 < 9925 500 000 
29878 ‘ 9950 | 333 090 
3.9840 * 9962 250 025 
4.9867 * .9970 030 











w=0.01 w=1.5 feet. Haupt und Breun-Puncte eines Linsen 

Systemes, by Carl Neumann. B. G. Teu- 

| buer, Leipzig, 1866. 

| 4. A brief development of the theory 

|is also given by Jamin in Cours de Phy- 
The normal equations are, after multi- sique, Vol. 3. Gauthier Villars, Paris, 

plying them by 10", 1879. 


The values of the residuals in the last col- 
umn of the table are expressed in units 
of the eighth decimal place. 


—_____cee____ 
5872600004 u-—420104w — 1915.6=0 ‘TRAIGHTENING HARDENED STEEL.—It is well 


—42010 + 5.3636 +0.22975=0)| \) known that files are not usually drawn 
after being hardened, and that the hardening 
The values of the unknowns and their a —— a out of — ms pe 
F standing that the files are made as hard as 
. able err rs are, withs 5 
probable errors are they can be by heat and cold water, they 
Au = +0.00000045 + 0.00000208 are readily straightened after being hardened. 
‘ ‘ This operation is performed at once, assoon asthe 
t. ft. | files have been dipped. The files are taken from 
Awn— 295 915 sibs sp apa 
4w= — 0.0393 + 0.0213 a bath of melted lead and chilled while red hot 
Hence in atank of running water. This immersion 
1 f for the instant hardens only the surfaces, while 
__-_.—/.—99,9541 + 0.0029 the interior is soft and pliant with heat. At this 
utdu s time the file may be straightened by bending 
. tt ft over and under bars. By similar means crooks 
ie + in steel, arbors, reamers, and other long tools 
Ww 241i aS Se \ . aad 
+4w  f+e=1.461+ 0.021 may be removed, even after they have been 
These results indicate that the values ee tees tempered. A cast steel saw 
of d and s used as data were carefully ob- | 20" had received an offset or crook in the 
sii We al Ses Mad 0 the a journal at one end just inside the shoulder. 
served. they aiso show that a high de- | ‘Pe crook was at the worse end, that next the 
gree of precision is attainable with the’ saw, and although scarcely perceptible to the 
stadia, as compared with chaining, over eye when the arbor was turned on its centers, 
rough ground. “ a when = — —_ in the 
s ee eee eno a 0xes, to throw the periphery of a two-foot saw 
List of works giving Gauss's theory of considerably out. The arbor at the bearing 
a system of lenses: part was very gradually heated—not enough to 
1. The original Dioptrische Untersuch- a — but “ a ss black heat.” AV ‘i 
ungen is contained in Vol. V. of Gauss’s *'"P°* : ock was placed in a vice bearing 
i Ailsad tee Sen Rowal Gadleie of against the offset side of the journal, and the 
WOrKs, pub on by the hoyal Society o | vice screwed up. At the third trial the arbor 
Gottingen, 1867. came out perfectly true. A tempered reamer 
2. A complete translation in French of | “** negnenes “ che seane way, the point at 
Gauss’s memoir. by M. A. Bravais .._| Which it was crooked being heated by an alco- 
FAUSS S Me! 2 OY MM. A. Sravais, MAY | hol lamp. The heat was sufficient to allow the 
be found in Annales de Chemie et de | steel to give, but not enough to start the temper. 
Physique, Vol. 33, 3d Series, 1851, and Steel that has a blue temper only may be 
also in Liouvilles Journal for 1856. pepe ge by mr ae pony oe rr 
ean ted med _ | asmooth, clean anvil, the face of which shoul 
3. A = clear though incomplete €X- | be warmed enough to remove the chill. —Scien- 
position of Gauss's theory is given in Die lific American. 
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TESTING MACHINES, THEIR HISTORY, CONSTRUCTION AND 
USE. 
By ARTHUR V. ABBOTT. 


Written for Van NosTRAND’s ENGINEERING MAGAZINE. 
IV. 
DEFORMATION. |the stresses, take up new positions with 


Upon all materials of a ductile char- | reference to each other. As long as this 
acter the effect of the stress is to pro- | Stress is continued the moving molecules 


duce more or less deformation in the size | have acquired a certain momentum.. If, 
| 


and the shape of the piece. In tension | 
specimens the piece is elongated consid- | TABLE 4. 
erably, and the point at which the frac-|_ ; : _ 
ture occurs is by the flow of the metal | . , 
drawn down more or less to a conical Strength in Pounds — Interval 
‘ “A : per Square Inch. 
point. Pieces that are subjected to com- | between 
pression are shortened in length, and by l 
a reversed process are bulged out into a 
sort of a barrel shape form; while in . a ; 
. . . 50,825 51.351 1 minute 
transverse stress the piece is bent intoa 4; 48° 809 49110 | 1 minute 
U-shaped form. In tension pieces the! 114 | 49.877 50.614 | 3 minutes 
amount of elongation and the amount of| 1%, | 49,024 49,637 | 3 minutes 
contraction of area are regarded as ex- ¢ | 49,865 50,388 | 3 minutes 
. . . . 4 2A g OOF 
ceedingly good indications of the value| ; py oa — 
: A . : 5 Hy. 50,216 2 s 
of the material for structural purposes. 7 49,459 51,362 | 3 hours 
49,484 51,546 4 hours 
5 hours 
6 hours 
7 hours 
8 hours 
8 days 
3 days 
3 days 
3 days 
3 days 
3 days 
3 days 
3 days 
3 days 
3 days 
8 days 


Gain in 
Strength) 


| 


1st Test. | 2d Test. Tests. Pr. ct. 





Dt kk fk ek 


, 
nw 


i he 
HWW DINSwWED 


ELEVATION OF THE ULTIMATE AND THE 7 P et &e 
49,401 51,561 

ELASTIC LIMIT. 7 49,206 51.996 

50,257 52,886 


It was first observed by Prof. R. H. | 4 50.013 | 52.572 


co 


or 


oO 


51,536 60,631 
49,935 | 58,251 
49,962 56,207 
49,175 57,685 
49.267 58,049 
50,143 58,136 
49,266 | 57,263 
49,438 57,991 
48,537 54,655 
48,597 57,124 
48,853 57,443 
50,015 59,047 8 days 
50,474 59,864 /|18 days 
50,178 | 58,314 /18 days 
50,165 | 54,749 |18 days 
49,676 59,184 25 days 
49,867 | 55,949 |42 days 
51,128 | 60,902 6 months 
50,5380 | 59,626 6 months 
49,101 | 57,877 } months | 
48,819 | 56,885 months 
51,838 57,188 months 
49,144 | 58,188 months 
48,792 | 57,403 months 
49,370 58,880 months 
49,250 | 58,08 months 
47,871 | 97 months | 2 
46,702 | 54,45: months 
47,665 57,25 months | 


Thurston and Commander L. A. Beards- 
ley, U. S. N., independently, that if a duc- | 
tile material be subjected to a stress be- 
yond the elastic limit, but not beyond its 
ultimate resistance and then allowed to 
rest for a definite period of time, a con- 
siderable increase of elastic limit and the 
ultimate resistance may be detected. In 
other words, the application of stress and 
the subsequent rest increases the resist- 
ance of the material. Table No. 4 gives 
a number of experiments made by the U. 
S. Board on specimens of various sizes. 
Each specimen was subjected to two 
tests, and the length of time allowed be- 
tween first and second tests is given in the 
table. It will thus be seen from the in- 
spection of this table that the ultimate 
resistance was very largely increased by 
allowing the piece to rest more or less 
between the experiments. The cause of | 
this may perhaps be explained by the 
theory that, as soon as the elastic limit 
is reached and the metal begins to flow, 
the molecules, subjected to the force of | 
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the piece an increase of tenacity. 


Per cent. Tests. 


Average gain in less thani hour. 1.1 | 
Average gain in less than 8 and EFFECT OF MECHANICAL TREATMENT. 
3 


ABSTRACT FROM DETAIL OF TESTS. Prager som again come into play and give 


r 1 hour 8 P 
apaet pe SOROS «x cscenes 10| The amount of work that is done upon 


Average gain in 8 days.......... 17.8 .. 2j\a piece of iron or steel, whether under 
Average gainin over 8daysand | the hammer or in the rolling mill, plays 
less than 48 days 15.3 .. 5! an important part in the quality of the 

™ ** ““\ material. It has been found by experi- 

however, the stress be removed and the! ment that bars of ductile material, which 
piece be left to itself, the molecules come|are apparently precisely alike in every 
to rest and assume new positions with| respect, except in area of section, do 
reference to each other, and the forces of ' do not give the same elastic or ultimate 


TABLE No. 5. 





Tensile Elastie Tensile | Elastic 


& 
e 
é. 


Strength. | Limit. 


c 
B. 


Strength. | Limit. 


Diameter 
Diameter 
of bar. 
Diameter 
of bar 


58,016 | 35,379 50,969 | 30,814 

51,296 | 31,992 50,307 | 29,767 

50,594 | 34,940 48,953 pos 

57,052 | 38,417 55,803 | 31,081 

56,505 | 32,496 53,100 | 32,074 

55,131 | 33,771 52,875 | 35,641 

54,540 52,505 | 32,312 

55,415 | $2,869 51,459 | 27,816 

52,050 54,354 | 34,617 50,368 

57,660 54,544 | 33,027 | 51,039 | 33,067 

51.546 5,983 | 58,512 | - | 49,744 | 85,615 

50,630 | 33,9: 52,819 | 34,840 | 48,670 | 23,250 

61.727 52,736 | 34,901 .0 | 60,213 | 31,441 

57,368 | 37,415) | 52,700 | 35,880 | | 92.914 | 31,198 

57,807 230 | 52,155 | 27,708 | 49,164 

56,790 | | 51,994 | 32,054 | 51,684 | 83,104 

51,921 | | 51,456 | 34,591 52,127 | 32,461 

52,819 | 32,267 51,047 | | 52,011 | 84,702 

51,400 | 34,6 5, | 56,344 | 35,889 | 51,146 | 28,567 

60,458 | 37.! ‘ 57,402 | 35,701 | 50,000 | 36,184 

57,470 | 31,900 | 56,227 | 33,207 | | 50.171 | 28,988 

57,498 311 | 54,334 | 32,163 | 47,812 | 35,864 

55,927 | 387,25 53,339 | 383,540 48.249 | 381,413 

54,644 | 34.69! 53,614 | 30,664 | | 46,151 | 36,050 

53,900 | 26,787 52,675 | 38,745 | 24, | 51,559 onto 

53,035 | 34, 52,314 | 29,364 | 49,422 merece 

52,267 | 32,01 52,401 | 34,012 50,481 | —— 

59.461 | 36,5 51,205 | 33,318 | | 51,295 | —— 

57,897 46! 50,970 | 33,625 | < 48,382 | 30,459 

55,782 | 35,5! | | 56,595 | 88,310 * | §1,666 | —— 

56,384 | 33,9: 54,114 | 1, | 51,530 

55,258 | 34.7 57,789 | 34,160 | 49,290 | 82,163 

53,893 2,71: 34 57,874 48,898 
58,247 | 32,52 ‘ 31,354 | 46,866 | 28,241 
58,752 | 3, 36,573 48.475 | 28,932 
52,970 | 82,075 | 5, 34,283 47,428 | 29,941 
53,022 | | 47,344 | 29,758 
50,040 | 30,730 | 3,154 | 35,828 46,446 | 26,333 
58,926 | 87,548 | 5 20,404 47,761 | 26,400 
58,021 | 32,152 5 | 36,254 47,014 | 24,591 
54,949 | 31,030 | 5 35,954 47,000 | 24,961 
- 54.277 | 88,622 31,214 46,667 | 28,636 
52,738 | 34,606 ‘ | 82,271 46,322 | 23,430 
53,557 | 33,650 

52,587 | 34,469 
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TABLE No. 6.—RECTANGULAR Bars. 





| Stress in Lbs. per Square Inch. — 
Number. | Kind of Iron. Size of Bar. (“Hyastic Limit. | Ultimate. 





Single Refined. | 3X1 _ inches. 29,000 52,470 
Double ‘ 8x1 - 31,000 53,550 
| Single 8x1llg “ 27, ,330 50,410 
Double - 8x14 27 ,170 i 50,920 
Single 3X1 28,330 | 48,700 
| Double 3X1 29,170 51,370 
Single 5114 24,830 49,240 
Double 5 4 . 27,170 51,010 


DFS Or CO DO 














TABLE No. 7. 








Specimen. E. Lim. Ult. St. Elong. Reduc| 


° 47 ”” e a S. a 4 
“1 D cy” | Tos. 01” | Ibs. 0) | 3 
1 1x | 1 46000 81000 | 
: 1X. ‘970 | .970 | 50515 | 82744 
2x2 | “| .980x980 | .960 | 44792 | 79166 
es «| 980X.612 | .600 | 46647 | 79966 
 1.002X1.002 1.004 | 50797 80677 











6" x1 





| 
| 


6x1 | ‘ 1.003X.998 1.001 | 44955 | 76423 
es ee 1X1.006 1.006 | 46228 | 76451 | 
007X990 | 997 | 44133 | 76981 | 
.998X .605 | .605 | 41322) 75207 | : 
1.002X.998 | 1.000 | 42000) 69250 | : 
1.X1.° | 1. | 43000 | 69000 | 





.005 X .990 .995 43216 72361 
.020 .995 1.015 | 48352 72660 
-005X1.005 1.010 | 42079 70544 | 
| .005 X .598 .598 41807 72324 
Direct... 1X1 1.000 43000 72000 | 





resistanee per square inch. Other things, inches square were set on a planer and 
being equal, bars of the smallest cross | two pieces cut out of them. One piece, 
section give the greatest intensity of ulti-| marked C, in the accompanying table, was 
mate resistance. Table 5 from the re-| cut directly from thecenter, while asecond 
port of the U. S. Board to test iron and | piece, marked D, was cut from the side. It 
steel, gives a very complete exposition of | will thus be seen that the piece C came 
the differences in various sized round | directly from the center of the large bar, 
iron bars. and was taken from the spot where it had 

The “iy prce experiments given in| been subjected to the least possible 
Table No. 7 were made at the Cambria| amount of mechanical work, and had no 
Iron Co. rive the investigation of the|rolled skin on it. The piece D came 
steel for the East River Bridge, to deter-| from the side of the bar, and had been 
mine the difference between large and| subjected to a trifle more mechanical 
small specimens of the same steel. From | work, and had one surface of rolled skin. 
several blows of steel, containing varying | The 6 x 1-inch bar was cut into two parts, 
proportions of carbon, three different marked respectively Aand B. By cutting 
sized pieces were rolled. One piece was | from the side of the bar one piece, marked 
rolled to be two inches square, a second | B, consequently had three surfaces of 
piece was rolled one inch thick and six | rolled skin, while A being cut next to it 
inches wide, and the third piece was roll- | had only two surfaces of rolled skin. The 
ed one inch square. The pieces two'bars marked direct from the rolls were 
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Table No. 8 gives a series of compar- 
ative tests between specimens as usually 


TABLE No. 8. 
| E. Jit. | | | 
| Lim. | 
Section. |,, a a : Ibs, 

D 0” 0” | 


rolled to one inch square, and had rolled 
skin on all four sides. 





Specimen. M. Elas 


Bar | 
C. 
Ibs. []’” 








.002 
eb Sad .002 | 1 
| 81g x1¢ 512 | 
Ts flat 483 | .730 
000 | 
4 ' -000 
. 754 
447 
.B85 
. 336 
. 766 
.436 
.980 


68.60 


| 28871000 
54.38 


31111000 
73.95 5 29411000 
29663000 
26627000 
29514000 


95709 .004 18 


52192 18 


93711 et 51000) 77500 


** '6” channel C 49489 75893) 34.92 


| 
| 49004 | 
| 


| 58254 
51948 


“ F . 
“e F 
49200, 767 31049000 


| 55960 


93854 Rg . 


11, 1g gi 97 
6 | 
29290000 


“ec 


80280) 22 


1” 1 | 58058 82899 2 30300000 


5 


56657) 87819 * 25753000 


| 
oxy 
ie fia 


| 52000; 81000 27808000 


84240 


94187 aa” 


qe x 1, gu 


flat | 49512 


Full size ee 


94229/ 1" x1" 49800, 76942 27977000 | 2 


3” x 3” 


angle 27894000 


| 52392, 82004 2 


T5477 


~ | 


“992 26774000 


94855 : age Se 
6"x1¢” 


= flat” 


99767 


| 50813 
26023000 


.007 
007 
. 666 
.000 
‘| .998 
40 .950 
.370 
.002 
.002 

504 
.508 
.501 
.503 
.505 
.509 
.000 
x .000 

| BY’ 1g" .854 

Full see! e | 9 *| 1.524 

.000 

/101237) .000 

3.489 

.§12 

.002 


56833) 78484 


29527000 | 
23950000 | 


49310 
54885 


76923) * 
84770 


rat” 
5¢” round 
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9" x 3g 


flat 


26815000 





| 53126 76292) 2 


Full size _ | 


101079) =1”x1” | 50798 80179 : .69) 253: 


** 19” channel C | 45812, 74607 


” ” F | 47682 74172, 


F | 48303 73107 —— 
| 54000 
| 47081 
| 50485 


47368 


| 
| 
| 
| 
ce | ““ 
| 
| | 
| | 


‘101140 1” 84000 2425000 


76418, ' 30000000 


31 he ed 79208 26710000 | 
| <¢ ae” x 1g" | 
Full size, “‘ | flat” 72172) 2 2) 26200000 


104452 


Full size ” | 


.006 
5.980 
-260 


a” 993" 
6” x ye 
flat 


| 49116 


47267 


77603 
79331 


27000000 
26000000 








TESTING 


sent to the testing machine, and pieces 
cut from the same grade of steel after 
having undergone rolling into structural 
shapes. Those marked “1 x 1” were test 
pieces of steel broken at the Cambria Iron 
Co’s. works in Johnstown. While the 
piecesmarked as having been cut from 
variousshapes were test pieces of channels, 
beams and flats of the same blow, num- 
bered as each of the preceding pieces, 


but after each steel had been rolled into | 


the desired shapes, the letters “C” and 
“F” denoting that the piece was cut from 
the center or flange of the bar. 

Another curious fact observed during 
making these steel tests for the East 
River Bridge was the fact that the time 
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results almost an impossibility. The 
adoption by investigators of some system 
regarding the size and dimension of the 
pieces to be used for experimenting 
would therefore seem to be a necessity. 
The following standard sizes, as illus- 
trated in Fig. 30, having been found ad- 
vantageous by the author, are suggested, 
not by any means as absolute and un- 
varied st: ndards, but simply as one step 
towards the desired end. 








which elapsed between the rolling of the, 


bar and the experiment in the testing 
machine had a considerable effect upon 





the amount of reduction and elongation | 


obtained. 
testing machine as soon as they were 
cold were generally found to give a re- 
duction and elongation of not 
eighteen to twenty per cent. for elonga- 
tion, and not over twenty-five to thirty- 


five of reduction ; whereas test pieces cut | 


from the same bar, after having been al- 
lowed to lie quietly for some weeks, gave 
an elongation of from twenty to thir ty 


per cent. and a reduction of from forty | 


to sixty per cent. It would seem thai 
the molecular condition of the bar just'| 
from the rolls is exceedingly unsettled, | 
and if the bar be allowed to remain 
quietly for some time, a process anal- 
ogous perhaps to that of crystallization 


takes place, and the molecules have time | 


to arrange themselves in more accom- 
modating positions so as to present a 
great accommodation to the stresses ap-' 
plied by the testing machine. 

UNIFORM SIZE OF TEST PIECE. 

It is obvious that some agreement | 
with reference to the standard size for | 
test pieces which is extremely desirable. 
At the present time experimenters all | 
over this country and Europe are con- 
stantly making experiments upon a great | 

variety of materials, and collecting a vast | 
amount of data which can be only partly 
used, from the fact that the pieces ex- 
perimented upon are so diverse in char- 
acter, in chemical constitution, in size, 
and in the shapes from which they are 
cut, as to render comparison of various 


Bars which were placed in aj 


over | 














Fia. 30. 


For making experiments on steel and 
‘iron intended to fulfill bridge and rail- 
way specifications pieces direct from the 
‘rolis may be used, as indicated in the 
first two ‘samples. 

For sample pieces of squares and 
rounds, pieces twenty-four inches long 
may be cut directly from the bar, having 
| a8 nearly as may be one square inch of 
} ross section. In squares this of course 

“simply means a bar rolled one inch 
‘square, while in rounds the piece should 
be one and one-eighth inch in diameter. 
Similar observation will apply to flats 
and boiler plates. In the case of boiler 
| plates, strips should be cut off having a 
i\length of twenty-four inches and having, 
as near as possible, widths so as to give 
|one-f fourth, one-half, three-fourths and 
}one inch, or one square inch of cross sec- 
|tion. Rounds, squares or flats which 
| cannot readily be obtained in lengths of 
twenty-four inches, pieces may be pre- 
pared, as shown in the second two 
samples of the above cut. Here the 
pieces are from sixteen to twenty inches 
in length, having the center part, for a 
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TABLE 9.—CHEMICAL ANALYSES OF INGoT IRONS AND STEELS. 
ARRANGED ACCORDING TO PER CENT. OF CARBON. 








| Carbon. 
a 


ber. | Total. | Combined. | Graphitic. 


| Sulphur. | Phosphorus.| Silicon. | Manganese. 
| | 





.009 .084 .163 .020 

. .007 .179 .219 .063 
.130 .116 .014 .029 .045 O11 .192 
.234 .230 .004 trace -039 .084 none 


.009 — 

.238 — | .012 084 -105 .184 
| 
| 


057 .049 


wm CO DD 


o 


.401 — — .006 .032 .085 .112 
.463 —_— .002 .020 121 trace 
577 ‘ .026 .108 .108 .185 
-639 .627 trace .007 .154 .050 
.691 .675 .028 .065 .028 .459 
. 756 744 .043 .104 074 .465 
.806 793 none .019 .172 .193 
.873 trace .015 .134 .046 
.923 3 | ; .002 .014 141 036 
.996 .984 é | none -019 .157 245 
.072 01: - .022 .162 . 252 
.121 1.108 ‘ 9 .023 . 206 .269 
.154 : ” .020 .204 .282 
3828 ; na .017 .246 .262 


lo os E—~) 




















distance of ten inches, planed or turned | standard size by the Government Inspec- 
so as to give a reduced section. In order | tors of Steam Boilers. The piece is pre- 
to break a piece of uniform size, so as to| pared very simply by cutting a strip from 
have the fracture occur exterior to the/a boiler plate and planing or milling a 
jaws of the machine, it is necessary to | semicircular groove directly in the center 
have the test piece sufficiently long, so | of the piece. While it may frequently be 
that the crushing or indenting occasioned | necessary to make experiments on pieces 
by the jaws may be distributed over quite | of this shape, they are, as has readily 
a large area of the test piece, thereby|been seen from the foregoing experi- 
avoiding any danger of crushing or cut- | ments, much to be avoided. There is no 
ting into the piece itself, so as to cause a| opportunity for measuring the elastic 
fracture to occur inside of the jaw. In| limit of the piece, as there is no uniform 
order to secure this itis essential to have a | section upon which to take it; also the 
piece which is sufficiently long so as to| grooved section of the piece very largely 
present the required length between the | increases the ultimate strength of the 
jaws and give an additional quality to | material, at the same time decreasing the 
be placed between the gripping surfaces | amount of reduction and entirely preclud- 
In order to be certain that no crushing | ing the possibility of any stretch meas- 
or indenting action occurs, it has been| urement. In order to obtain an accurate 
found by experiment best to have at | determination of the elastic limit with a 
least ten times as much surface in the/ fair estimate of the ultimate strength, 
jaws of the testing machine as there | elongation and reduction of a material, a 
are inches in the cross section in the | length of at least six inches is necessary. 
piece to be tested. If, however, the|In previous experiments it has gengrally 
piece is by machine work so reduced | been customary to use a length of eight 
in the center as to present a less cross | inches, from the fact that most testing 


section than is obtained between the jaws | machines have been built of so small 
of the machine, this indenting action is | capacity that longer pieces were not con- 
entirely avoided, and samples which can-| veniently handled. This length of eight 
not be obtained in lengths of twenty-four | inches is, however, unfortunate for many 
inches or more, may be prepared as above | reasons. It verges so closely upon the 
shown. The last figure in the cut indi-| limiting size of the test as to at last 
cates the shape of boiler plate test pieces | raise the question of the accuracy of the 
which has previously been used as a lresult. All of the measurements made 
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for determining the elastic limit and | the per cent. of silicon, one-third that of 
modulus of elasticity have to be reduced | carbon and one-fifth of manganese. Taken 
to decimals of the length of the test | singly, the limit of phosphorus should be 
piece, involving laborious calculation for placed at ;4; of one per cent. ; silicon at 
each reading of the micronometer or ver- | ;4, of a per cent.; manganese at ;', to 
nier gauge. The length of ten inches| 4; of a per cent. And carbon from ¥%5 
now proposed asa standard of size of | to ;3,°, of a per cent. Any higher pro- 
test piece will avoid all computations of| portions than the preceding make the 
this kind, for every reading thus being | steel too brittle for structural purposes. 
made in inches, is made in per cent. of The experiments in Tables 9 and 10, 
the length of the tést piece. made by Prof. Thurston for the Commit- 
Furthermore, the length of ten inches | tee on Chemical Research of the United 
corresponds to two hundred and fifty | States Board for testing iron and steel, 
millimeters, approximately the length of | exhibited the chemical constitution with 


test piece commonly used abroad. 


EFFECTS OF CHEMICAL CONSTITUTION. 


The resistance of wrought iron to ten- | 
sion varies very marked with its chemical | 
constitution. At present it is quite un- 
certain to what extent foreign elements 
in the iron affect its quality. 

Variations in the amount of phosphotus | 
and sulphur in wrought iron play a very 
important part in its physical character- | 
istics, and cannot be too carefully consid- | 
ered in presenting an opinion of the value 
of the material for structural use. 

In steel the effect of variations in 
chemical constitution is far more marked 
than it is in the case of iron. The ele- 
ments, phosphorus, silicon, manganese, 
carbon and sulphur, all enter into the 
constitution of most steels in small pro- 
portions. A very slight variation in any 
one of these may make a very marked 
difference in the quality and value of the 
steel. ‘Ihe elements phosphorus, silicon, 
manganese and carbon have been termed 
by Dr. Dudley as hardening elements, in- 
asmuch as each one of them is capable of 
conveying to the steel a greater or less 
degree of hardness. Dr. Dudley, in some 
experiments presented to the American 
Institute of Mining Engineers, assumes 
the hardening effect of phosphorus, silicon, 
manganese and carbon to be in propor- 
tion to the numbers three, five, seven and 
a-half and fifteen, and reckons the sum of 
their effects in what he very aptly terms 
“ phosphorus units.” 

Dr. Dudley concludes that the sum of 
all these above constituents reckoned in 
phosphorus units should not exceed 
thirty to thirty-two units in steels in- 
tended for rails. The above figures, 
thirty-one units, are obtained by adding 
together the phosphorus percentage, half | 


‘the corresponding physical qualities of 
ingot irons and steels. 


TABLE 10. 


| | ie, | 
, | Elastic 
Elongation. Limit. 


Ultimate 
Strength. 


Num- 
ber. | 








Per cent. 
29.67 
25.50 


34.338 | 
| 


Lbs. pr.sq.in. 
| 26,500 
34,500 
28,500 
26,000 
49,400 
50,743 
44,000 
47,800 
50,000 
50,500 
65,190 
50,500 
50,500 
51,000 
61,900 
68,100 
68,100 
75,200 
75,300 


Lbs. pr.sq.in. 
| 43,000 
55,000 
52,000 
66,000 
69,700 
71,300 
71,000 
83,100 
94,500 
101,000 
101,400 
112,400 
113,100 « 
118,900 
122,200 
123,000 
125,500 
130,380 
135,300 


20. 
12. 
21.6 
20. 
19 


SCoBHKIourwnre 





9 
3 
1 
9 
8. 
11.0% 
10 
7 
8 
8 
7 


A gradual increase in tensile strength 
and elastic limit may be observed as 
the proportion of carbon is increased. 
The quality of the metal isusually fixed 
by the proportion of carbon but it is 
also varied to a large extent by the ele- 
ments, silicon and manganese, as well 
as by the amount of phosphorus. Prof. 
Thurston has given the following for- 
mula, by means of which a very fair 
estimate of the strength of steel may be 
obtained when the proportion of carbon 
is known: T=60,000+ 70,000 C. T is 
the tensile strength in pounds per square 
inch, and C is the percentage of carbon 
for annealed samples, and T=50,000+ 
60,000 C. As illustrating this excess 
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Prof. Thurston has made the following 
experiments : 


TABLE 11. 





| 
|Tensile Strength—Lbs. per sq. in. 


Carbon. 


Per cent. | By Test. By Calculation. 





0.53 
0.65 
0.80 
0.87 
1.01 
1 09 


79,062 
93,404 
99,538 
106,579 
109,209 


81,740 
88,940 
98,060 
102,020 
110,300 


116,394 113,480 


The preceding examples illustrate 
very clearly the importance of the chemi- 
cal constitution, and in all specifications 
for building materials, whether of iron or 
steel, the chemical constitution of the 
metal should be required by the engineer 
or the architect. It is very true that the 
knowledge of the engineer is not sup- 
posed to be that of the manufacturer, and 
it would be highly unreasonable for the 
engineer to prescribe to the manufacturer 
exactly what formula he should use to 
obtain the material wished for. At the 
same time a clause inserted under the 
head of tests in specifications, requiring 
a chemical analysis of every melt of steel 
atid frequent analyses of wrought iron, 
would add very largely to the amount of 
knowledge obtained of the material to be 
used, to say nothing of the immense ad- 
vantage which would accrue, both to the 
manufacturer, to the engineer, and to the 
general scientific community, by a correl- 
ation between the physical tests and the 
chemical constituents. While the manu 
facturer should be allowed a wide margin 
of chemical constitution, it would be well 
in specifications, especially those design- 
ed for steel work, to prescribe limits for 
the elements of manganese, carbon, phos- 
phorus and silicon, which the manufac- 


turer should not be allowed to transcend. | 


For it is very possible to make a steel 
which may come up to a liberal specifica- 
tion and at the time be in many respects 
unfit for use in a bridge or a building, 
and in order to avoid difficulties of this 
kind, limiting maximum and minimum 
values to the proportions of carbon, 
phosphorus, manganese and silicon should 
be assigned in the specifications as well 


as the maximum and minimum values for 
elastic limit, tensile strength, reduction 
and elongation. 


WORK DONE IN TESTING. 


One of the most important qualities of 
the material is its resilience or power of 
resisting shock. This quality is meas- 
ured by the mechanical work done dur- 
ing the processes of testing. Until re- 
cently this quality has been rather over- 
looked by engineers, but at the present 
time is demanding more and more atten- 
tion. The mechanical work done upona 
piece tested in tension is most readily 
obtained by the autographic method, for 
it is simply the area of the curve en- 
closed between the axis of X, the curved 
line given by the test of the piece and 
the bounding ordinate parallel to the 
axis of Y. It will thus be seen that the 
tensile strength, together with the elon- 
gation of the piece, are factors in its 
_ resilience, so that a piece very stiff and 
| brittle, while it might have an exceeding- 
‘ly high tensile strength, would, having 
very little elongation, give a very low 
resilience, and again, softer material hav- 
ing an exceedingly low tensile strength, 
but a very large amount of elongation, 
might err on the other side and give 
equally unfavorable results. 

Practical experience has shown that 
the quality demanded in our bridges, 
roofs and other structures, is the power 
of resisting sudden shocks and jars due 
to the work to which they are subjected, 
}and this power of resisting shock is by 
| far the most important one. A piece of 
| tool steel, while exceedingly strong, will, 
‘under a suddenly applied stress, snap 
| like a piece of brittle glass, while the 
‘weaker and more resilient structural 
| steel will, under a suddenly applied load, 
stretch like a piece of india-rubber and 
‘come back again to its normal position. 
| While the amount of work done in break- 
|ing a test piece is an exceedingly valu- 
able and important characteristic of 
| amount of work up to the elastic limit, is 
by far the most valuable. And this quan- 
tity may be readily calculated by taking 
the elongation at the elastic limit and 
multiplying it by half the elastic limit in 
pounds per square inch. Assuming 
Hook’s Law to be true, this gives the 
value of the triangle included by the line 
whose equation is Y=az, and may be as- 





| 














sumed to be very accurately the measure 
of the resilience of the piece up to the 
elastic limit. 


EFFECT OF TEMPERATORE. 


As a result of a mechanical work done 
on the piece by a machine, and of the 
flowing of the molecules of the metal, the 
piece gradually becomes warm, so that if 
the testing machine is very rapidly 
worked, and the bar is comparatively 
small, the ends near the fracture may at 
the end of the experiment become so hot 
as to be most unbearable to the hand. 
Probably this elevation of the tempera- 
ture during the experiment has some ef- 
fect upon the ultimate resistance, for un- 
questionably an elevation of the tempera- 
ture causes the flow of the metal to take 
place with slightly increased facility. Yet 
in ordinary experiments this elevation of 
the temperature is so slight as to pro- 
duce no sensible effect upon the test 
piece. Some experimenters have gone 
so far as to carefully make a thermo- 
metrical measurement of the heat pro- 
duced in this way. While all possible 
commendation should be given to accu- 
racy and care in making observations, it 
seems that examinations of this kind are 
hardly worth the amount of expenditure 
and trouble that they cause. 

That the variation of temperature pro- 
duces some effect upon the tensile 
strength of iron and steel is a well under- 
stood fact. 

From a recent number of the London 
Engineering, x synopsis of some German 
experiments is obtained. The resistance 
of the materials zero centigrade is 
taken at 100, and that of other tempera- 
tures in the proper proportional part of 
that number, Table 12. 


oT 
ram 


TABLE 12, 


Besse- 
Giained mer 
Iron. Iron. Steel. 


Fibrous 


Fine 
Temperature. i 


Cent. Fahr. 
0 32 
100 212 
200 392 


3800 572 


100 
100 100 100 
95 100 100 
90 97 94 
500 932 38 44 3 
700 1,292 16 23 18 
900 = 1,652 6 12 9 
1,000 1,832 4 7 7 


100 100 
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Sir William Fairbairn gives the foliow- 
ing as the results of numerous experi- 
ments made upon specimens of plate 
and rivet iron at different temperatures, 
Tables 13 and 14. 


TABLE 13.—ExXPERIMENTS ON PLATE IRON. 


Stress in 
Reference to 
Fibre. 


Temperature, sreaking 
weight in lbs. 
Fahrenheit. per. sq. in. 





With. 
Across, 
Across. 
With. 
Across. 
With. 
With. 
With. 
Across. 
With. 
With. 
With. 
Across. 
With. 
Across 
Across. 


0 49,009 

60 40,357 
60 43,406 

60 50,219 
110 44,160 
112 42,088 
120 40.625 
212 39,935 
212 45,680 
212 49,500 
270 44.020 
340 49,968 
840 42.088 
395 46,086 
Scarcely red 38,032 
Dull red, 30,513 


TABLE 14.—River Iron. 


Breaking 
weight in lbs. 


Sreaking 
weight in Ibs. 
per sq. Im. 


Temper- 
ature. 


Fahr. 


Temper- 
ature. 
Fahr. 


250 
270 
310 
825 
415 
435 


Red heat. 


63,2389 
61,971 
63,661 
70,845 
82,676 
74,153 


80,985 36,076 


From these tables it will be observed 
that between the ordinary variation and 
temperature there is little or no varia- 
tion of the strength of iron or steel. 
That many accidents occur from the 
breakage of railroad rails, tie rods, axles, 
and many other parts of our common 
structure during cold and frosty weather, 
is beyond question; but these failures 
must be attributed not to a decrease in 
actual strength of the metal, but to ex- 
terior circumstances. Under severe cold 
of a winter's night the road bed envelop- 
ing the track of the railway may become 
frozen exceedingly hard, and to the puss- 
age of the moving train present a struc- 
ture which is firm and unyielding as that 
Thus the 
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blow struck by the engine driver against 
a projecting rail end is much more severe 
on a cold and frosty day than it is on a 
warm and sunny one, so that the possible 
breakage of the rail under circumstances 
of this kind may be attributed, not to a 
decrease in the strength of the iron, but 
to exterior circumstances. 


CAST IRON TESTS. 


The investigator in making experi- 
ments on cast iron is obliged to exercise 


more care than in experiments on almost | 


any other material. Cast iron is of such 
an unyielding and crystalline nature, that 
unless care is taken in setting the piece 
in the testing machine the results are 
almost certain to be vitiated by the pres- 
ence of lateral stresses. Again, unless 
the piece is prepared in some manner by 
turning and planing at the center, so as to 
give areduced section, there is great dan- 
ger that the jaws of the testing machine 
will not grip the piece sufficiently tightly 
so as to avoid slipping. 

If the piece should be taken direct 
from the sand, without any machining or 


planing, it becomes quite a difficult mat- | 


ter to get an accurate measurement upon 


which to calculate the area of the piece, | 


for the outside of the specimen contains 
a large quantity of sand, which penetrates 
to a depth of one or two hundredths of 
an inch, so as to almost preclude the 
possibility of making accurate measure- 
ments. 


The effect of remelting on the strength | 


of cast iron is well exemplified by the ex- 
periments in Tables 15 and 16. 


TABLE 15. 

. per sq. in. 

- 14000 
22900 
30229 
35786 


First melting 
2d “ce s 


3d = 
4th ad 


s. per sq. in. 
17843 
20127 
24387 
34496 


The accompanying table gives a fair 
average of the results to be generally 
obtained from tension tests on cast iron: 

Good pig iron from 15,000 to 20,000 
lbs. per square inch. 

Tough cast iron from 18,000 to 24,000 
Ibs. per square inch. 
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Hard cast iron from 20,000 to 28,000 
lbs. per square inch. 

Gun-metal from 25,000 to 32,000 Ibs. 
per square inch. 

These are the averages that have been 
obtained from a large number of miscel- 
laneous irons obtained from various 
foundries all over the country. Here and 
there will be found an iron that either 
exceeds or falis below the preceding 
averages, as an example of which may be 
mentioned a phenomenal one sent to the 
author to be tested by the author within 
the past year from the foundry of Mr. 
Gridley, at Warsaw, N. Y. This piece, 
of pig iron unrefined stood over 40,000 
Ibs. per square inch. 

CEMENT TESTING. 

Next to iron and steel, probably the 
materials which are most subjected to ex- 
periment, are the various cements and 
concretes used for all architectural pur- 
poses. Among architects and engineers 
it is very customary upon buying a lot 


\of cement to take small samples from 


several of the barrels in each cargo, and 
after mixing them up and pressing them 
into a mold, to break the sample by ten- 
sion, and to judge of the quality of the 
cement by the results thus obtained. 

In making cement tests the following 


| precaution should be observed : 


First, the relative quantity of cement 
and water should be carefully meas- 
ured, preferably by weighing out the 


necessary amount of each. 


Second, the cement and the water 
should be carefully and thoroughly in- 


| corporated so as to make a mixture which 


is perfectly uniform in every respect. 


| This is best accomplished by placing the 
|cement ona plate of glass, and slowly 
| pouring the water on it while the mass is 
| being stirred and rubbed by means of a 


towel. 
Third, after the mixture is completed, 
the cement should be pressed into the 


/mold designed to form the briquette with 


a perfectly steady and uniform pressure. 
This is best accomplished by arranging 
the mold so that it may be filled with ce- 
ment, then subjected by means of a press 
to an amount of force that can be defi- 
nitely weighed. 

Fourth, the length of time elapsing 


| between the mixing of the cement and 


the breaking of the sample should be ac- 


|curately noted. 
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Fifth, the temperature of the room in | 


which the samples are kept between the 
mixing and the breaking, should be main- 
tained as nearly uniform as may be, and 
preferably should be kept at from 60 to 
70 degrees Fahrenheit. 

Sixth, the fineness of the grinding of 
the cement should be carefully noted. It 
has been customary among English and 
American experimenters to weigh out a 
portion of the cement to be tested, and 
sift it through a sieve containing 2,500 
meshes per square inch. ‘The fineness 
of the cement is expressed by the per 
cent. of the amount which will pass 
through the measures of the sieve. 

Seventh, the hydraulic properties of 
the cement are best ascertained by mix- 
ing a sample to a requisite quantity of 
water, and then testing it in two ways: 

First, by immersing it in water and 
seeing whether the cement does not lose 
its form after being subjected to the 
water for some time and does not show 
any cracks or other symptons of disin- 
tegratiorf. 

Second, by allowing a blunt point to 
press upon the cement by means of a 
definite weight, the penetration being as- 
sumed as a measure of the setting prop- 
erties of the cement. 

At the commencement of the erection 
of the approaches to the East River 
Bridge, it was decided to employ cement 
for laying the masonry work. As a con- 
sequence of this, proposals for supplying 
cement were advertised for by the Bridge 
Trustees. A number of manufacturers 
sent samples in answer to this advertise- 
ment, and Fig. 31 gives a series of curves 
that are taken from the results obtained 
from these tests. All the samples here 
given were made by mixing 4 parts of 
cement with one part of water by weight. 
The mixture was then rammed into molds 
having a cross section of 3 inches, and a 
uniform length of 3 inches between the 
enlarged ends. After the briquettes had 
been in the molds for 15 minutes they 
were removed, half the number of bri- 
quettes being placed in water, and half 
being retained in the air until the time 
for testing. After the tension test was 
made, the end of the broken briquette 
was trued up on a grindstone and tested 
in compression. As a consequence, on 
the diagram there will be seen 4 curves 
for each make of cement, one curve giv- 


ing the tensile strength in air, one in 
water, one of compressive strength in air, 
and one of compressive strength in water. 
The experiments were continued till the 
briquette had attained an age of one 
month, and tests were made at intervals 
of 24 hours, 7 days, 14 days, 21 days and 
28 days. An inspection of these curves 
will reveal the fact that while they vary 
considerably in actual strength per square 
inch, all the curves bear a general re- 
semblance to each other. Each curve 
rising with a slight inclination to the 
axis of y, until the seven day test is 
passed. There then occurs a point of 
inflection, the curve swinging towards 
the axis of «,in some cases even taking 
on a negative value, and returning to- 
wards that axis. This dropping of the 
curve continues until the fourteenth day 
is passed, when the second point of in- 
flection occurs, the curve returns towards 
its former position and extends indefi- 
nitely. It would seem from these ex- 
periments that the hardening of cement 
is probably due to two different causes, 
one of which reaches the maximum about 
the seventh day, while the other does not 
come into action until after the fourteenth 
day. In explanation of this fact it is 
supposed by the author that this harden- 
ing is due to two different variations. 
When the cement is first mixed, the pri- 
mary hardening is due to the hydration of 
the salts of lime and alumina by means 
of the water used in the mixing. This 
hydration reaches its maximum in inten- 
sity at about the seventh day. After 
that the action of the atmosphere on the 
cement probably causes the hydrates of 
calcium and alumina to give up part of 
the water that is absorbed, and change 
to silicates and carbonates. This inter- 
change of molecules causes a slight 
weakening of the cement. This weaken- 
ing goes on from seven to fourteen days, 
until after the passage of the fourteenth 
day the carbonates and silicates have 
only regained the strength of the hy- 
drates they have replaced, and then prob- 
ably go on hardening and strengthening 
for an indefinite period of time. 

The Table 17 gives the result of a 
series of tests made on cement supplied 
| by two of the most noted Rosendale Ce- 
/ment Company’s. 
| These tests were made on briquettes 
mixed in the same manner as those in the 
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TABLE 17. 





| 


| 
| Cement A. | Cement B. 


| Tension in Ibs. | Tension in lbs. 
per sq. in. 





Water. 








38 
44 


55 














| 191 
176 
240 
190 





preceding tests, and treated in the same 
way in every respect, excepting that they 
were tested at intervals of from 1 hour to 
17 months. 

PROOF TESTS. 

The testing machine is frequently em- 
ployed to make proof tests upon parts 
of structures to ascertain whether there 
may be any concealed defects either in 
quality of materials or in character of 
the workmanship. For example, in mak- 
ing bridge columns, eye-bars, chains and 
cables and the like, it is customary to 
test each article after the manufacture is 
completed by placing it in a testing ma- 
chine and subjecting it to a stress which 

Vout. XXX.—No. 6—34 


is slightly in excess of that which it is 
calculated to meet in the structure. 
Nearly all eye-bars of the best bridges 
are tested in this way, being subjected to 
a strain of about 15,000 pounds to the 
square inch. This is largely expected to 
exceed the stress to which they will be 
subjected in the structure, but at the 
same time it is not intended to quite 
reach the elastic limit of the bar itself, 
and -so no injury can result therefrom. 
Whereas, should the bar be defective in 
any way, either from concealed flaws, 
welds, or poor material, this proof stress 
will make the defect sufficiently obvious 
to cause the rejection of the piece. In 
many cases, however, it is doubtless that 
these proof tests have been too severe, 
for if the piece in question be over- 
strained so as to injure any of the fibers, 
or cause an incipient crystallization, the 
test instead of insuring safety insures 
the commencement of destruction. 

In making proof tests the action of the 
piece subjected to the stress should be 
very carefully noted, especially to see 
whether there is the slightest symptom 
of deformation, causing, after the piece 
is taken from the testing machine, a per- 
manent set in the material, signs of flaws, 
cracks, or other imperfections, should be 
carefully looked after, and any indica- 
tion of weakness of any kind under proof 
test should be considered conclusive 
either for the rejection of the piece abso- 
lutely or for the continuance of further 
experimenting thereon. 


TESTS TO DETERMINE THE VALUE OF DIFFER- 
ENT METHODS OF CONSTAUCTION. 


Engineers are very rapidly ascertain- 
ing the value of the testing machine in 
demonstrating the best forms and the 
best methods to be employed in construc- 
tion. To accomplish this it is of course 
| necessary to make tests on the full-sized 
| specimens exactly as they are to be used 
in the structure in question. While many 
experiments have been on such forms as 
eye-bars, columns, small plate girders 
and trusses, riveted joints and the like, 
yet the art is in its very earliest stage of 
infancy, so that it is almost impossible to 
give any rules for the guidance of experi- 
menters in this direction, excepting the 
very general ones, that the pieces should 
be tested in a manner precisely analagous 
to that which they will be called upon to 
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resist in the structure itself, and that al 
circumstances during the progress of the 
experiment should be noted with the) 
most minute and scrupulous attention, 
so that an after consideration of all of the 
facts thus obtained, may lead to the de- 
velopment of the most perfect knowledge. 

The sad and disastrous failures that 
have occurred in various structures 
throughout the country during the past 
history of American engineering has 
demonstrated too completely the lack of 
correspondence between the physical 
properties of materials, as given from the 
data supplied by us: all test specimens 





and properties which have actually been 
developed in actual practice. 

The importance, therefore, of making 
experiments on full-sized members is_be- 
ing more fully and completely realized 
day by day, and cannot be too strongly 
urged upon architects and engineers, 
so that it is hoped before long our 
country may be supplied with the requi- 
site apparatus for testing any structures, 
be they small or large, in such a manner 
and on such a seale as to demonstrate to 
the world at large that America stands 
foremost among nations because she is 
foremost in her structures. 








Another point in which theory has for | 
long been ahead of practice, is in the ad- 
vantage to be gained by working as nearly | 
as possible with closed magnetic circuits ; 
that is to say, with a nearly continuous 
circuit of iron to conduct the lines of 
magnetic force round into themselves in 
closed curves. The enormous importance 
of this was pointed out so far back as | 
1878 by Lord Elphinstone and Mr. C. W. 
Vincent, whose dynamd embodies their 
idea. Every electrician knows that if a 
current of electricity has to pass through 
a circuit, part of which consists of cop- 
per, and part of liquids—such as the acid 
in a battery, or the solution in an electro- 
lytic cell—the resistance of the liquid is, 
as a rule, much more serious than the re- 
sistance of the copper. Even with dilute 
sulphuric acid the resistance to the flow 
of the current by a thin stratum is 200,000 
times as great as would be offered by an 
equally thick stratum of copper. And in 
the analogous case of using a field-mag- 
net to magnetize the iron core of an 
armature, the stratum of air,—or, it may | 
be, of copper wire—in between the two 
pieces of iron, offers what we may term a 
relatively enormous resistance to the mag- 
netic induction. If we take the magnetic 
permeability of iron as 1, then the per-| 
meability of air is something like yj4,,, | 
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and that of copper is not very different. 
Or, in other words, a stratum of air or 
copper offers about 20,000 times as much 


resistance to the magnetic induction as 


if the space was filled with soft iron. 
Obviously, then, it would be a gain to 
diminish as much as possible the gaps 


| between the portions of iron in the cir- 


cuit. The values of the magnetic per- 
meability for irun, air, and copper, have 
been known for years, yet this simple de- 


‘duction from theory has been set at de- 


fiance in the vast majority of cases. We 
have had, a few minutes ago, an experi- 
mental proof that the Pacinotti ring, so 
far from having been “ perfected” or 
“improved” by Gramme, as some very 
high authorities say, is vastly inferior to 
it. It will perhaps be intelligible now 
why Pacinotti’s design was essentially 
right. 

I now pass on to the progress recently 
made in the practical construction of 
dynamo-electric machines. Thanks to 
the kindness of several of those by whom 
this progress has been achieved, | am 
able to put before you their very latest 
results. 

The Edison dynamo has, during the 
past eighteen months, received very mate- 
rial improvements at the hands of Dr. 
Hopkinson, F. R.S. Some of these im- 


















provements relate to the field-magnet; 
others to the armature. Dr. Hopkinson 
has, in the first place, abolished the use 
of the multiple field-magnets, which in 
the Edison “ L,” “K,” and “E,” machines 
were united to common pole-pieces, and 
instead of using two, three, or more 
round pillars of iron, each separately 
wound, he puts an equal mass of iron into 
one single solid piece of much greater 
area of cross-section and somewhat short- 
er length. One such iron mass, usually 
oval or oblong cross-section, is attached 
solidly to each pole-piece, and the two 
are united at the top by a still heavier 
yoke of iron. The machines have, conse- 
quently, a more squat and compact ap- 
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as. 
This wire packs more closely round the 
iron cores than an ordinary round wire. 
In the armature the following change has 
been made. The iron core in the older 
Edison machines were made of thin iron 
disks, separated by paper slipped on over 
a sleeve of lignum vite; and held to- 
gether by six longitudinal bolts passing 
through holes in the core-plates, and se- 
cured by nuts to end-plates. These bolts 
are now removed, and the plates are held 
together by great washers, running upon 
screws cut on the axle of the armature. 
The size of the central hole in the plates 
has been diminished, thus getting into the 
interior more iron, and providing a greater 
cross-section for the magnetic induction. 


© . 


. 























PLAN 
Epison-Hopxinson Dynamo. 


pearance than before (Fig. 17). 
be remarked, in passing, that the use of 
multiple pillars of iron used by Edison 
in the “L,” “K,” and “E” machines must 
have been prejudicial, because the cur- 
rents in those portions of the coils which 
passed between two adjacent iron pillars 
must have been opposing each other's 
magnetizing effect. Dr. Hopkinson has 
also introduced the improvement of wind- 
ing the magnets with a copper wire of 


It may | 


By these improvements, a machine occupy- 
ing the same ground space, and of about 
the same weight as one of the older “LL,” 
150-light machines, is able to supply 250 
lights, the efficiency being at the same 
time improved. In the new 250-light 
machine, the diameter of the armature is 
10 inches; its resistance, cold, is 0.02 
ohm; that of the magnet is 17 ohms. 
The characteristic curve of the machine 
shows that even when doing full duty, 


Square section, wrapped in insulated tape. | the field-magnets are far from being sat- 
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urated. It will be remarked that, in the 
older construction, the bolts and their 
attached end-plates furnish a circuit in 
which idle currents were constantly run- 
ning wastefully round, with consequent 
heating and loss. An Edison 60-light 
“Z” machine of the older pattern, tested 
by the committee of the Munich Exhi- | 
bition, was found to give an efficiency 
which, if measured by the ratio of exter- ' 
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' much-altered during the past year; and 


it is a little difficult to describe the im- 
provements which have been made, as 
the firm of Siemens Bros. decline, for 
commercial reasons, to furnish data for 
publication. Progress has, however, 
been made by this firm, especially with 
their compound-wound machines, of which 
some account has been given by Herr E. 
Richter, in the Electrotechnische Zeit- 


18. 





nal electric work to total electric work, | 
exceeded 87 per cent.; but its commer-| 
cial efficiency—the ratio of external elec-_ 
tric work to the mechanical energy im-| 
parted at the belt—was only, at the most, | 
58.7 per cent. In a recent test made by | 
Mr. Sprague, at Manchester, on an im-| 
proved dynamo (a 200-light machine), | 
the efficiency of electrical conversion ex- | 





WESTON 





ceeded 94 per cent., and the commercial | 
efficiency 85 per cent. 

The Edison Company states that “the 
weight and cost of the machines per 
lamp are greatly reduced,” but they add 
a table from which it appears that the old 
250-light machine cost £250, while the 
new 250-light machine costs £265, if! 
made as a fast-speed machine, and £425, 
if constructed as a slow-speed machine. 
The Siemens’ machines have not been 


CorE oF WESTON 


ARMATURE. 








ARMATURE. 





schrift. It appears that three methods 
of combination have been tried. The 
shunt and series coils have been wound 
on different arms of the magnets; they 
have been wound on separate short 
frames, and slipped on to the cores side 
by side, and they have been also wound 
over one another. Inthe latest machines 
the series coils are wound outside the 








shunt windings. The regulation, judging 


| by the curves given by Herr Richter, is 


not perfect. The best regulation was 
from a “g D17” machine, of which two 
of the magnet limbs were wound with 
shunt coils of 29 layers of a 1 millimeter 
wire, and the other two with two layers 
of a 3.5 millimeter wire. The potential 
varied from 64 to 69 volts when the num- 
ber of lamps was reduced from 20 to 9. 

The Weston machine has an armature 
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more or less resembling those of the | has two Gramme rings upon one axle, 


Siemens’ machines. The core is built 
up of disks of iron of the form shown 
in Fig. 18, strung together, and pre- 
senting projecting teeth all along the 
surface of the cylinder. Fig. 19 shows 
the armature when completed. In this 
machine, as is «lso evident from Fig. 20, 
the pole-pieces are iaminated to obviate 
eddy currents and heating. Recently, 


Mr. Weston has adopted a method of 
winding the armature with two circuits, 
so that an accident to one section shall 
not completely break down the machine. 
The latest of the Weston machines show 
substantial design, and many improve- 
ments in detail upon the older forms. 


WESTON 


The machines of the Gramme type 
next come in for consideration. 
of the actual Gramme pattern I cannot 
learn that any important improvement has 
been made in this country; but ip the 
States the Fuller Electrical Company, 
which holds the Gramme and Wood pa- 
tents, has brought out several improved 
forms of machine, in which mechanical 
engineering skill of a high order is ap- 
parent. The field-magnets, frames and 
pole-pieces are very substantial, the ring 
is better built than the European types, 
and the collector bars are prevented from 
flying to pieces by the addition of an in- 


sulated ring shrunk on over their ends. | 


In France, too, the machine has received 
important modifications at the hands of 
M. Marcel Deprez. 


|most advantageous. 


In those | 


M. Deprez’s dynamo | 


which lies between the poles of two op- 
posing field-magnets, each of the two 
branched, or so-called horse-shoe form. 
These are laid horizontally, so that the 
north pole of one is opposite the south 
pole of the other, and vice versa, the 
poles being provided with curved pole- 
pieces between which the rings revolve. 
M. Deprez, who has given much attention 
to the question how to design a machine 
which, with the least expenditure of elec- 
tric energy, gives the greatest actual 
couple at the axle, is of opinion that the 
horse-shoe form of electro-magnet is the 
The iron cores and 
yokes of the field magnets are very sub- 


Dynamo. 


stantial, but the pole-pieces are not very 
heavy. M. Deprez’s machine has a very 
elaborate system of sectional windings of 
the field magnets and a switch board, en- 
abling him to couple up the connections 
in various ways. The circuits of the two 
rings are quite distinct, and each arma- 
ture has its own collector and brushes. 
M. Deprez bas also constructed other 
Gramme machines, with armatures of very 
fine wire, for his experiments on the elec- 
tric transmission of power. 

Another machine, having as an arma- 
ture an elongated ring, somewhat like 
that of the Maxim dynamo, was shown 
during last autumn at the Fisheries Ex- 
hibition, ander the name of the Hock- 
hausen dynamo. The field-magnets of 
this machine are very strangely disposed, 
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the ring being placed between two} Mr. Gulcher has been steadily at work 
straight electro-magnets placed vertically | improving his dynamo in its various me- 
over one another, the upper magnet be-| chanical and electrical details. In par- 
ing held in its place by curved flanking | ticular, he has devoted attention to the 
pieces of iron, which run down the two} winding of the field-magnets, so as to 
sides of the machine, and connect the} secure a constant potential at the termin- 
topmost point of the upper magnet with|als. After experimenting with various 
the lowest part of the lower. This ar-| methods of compounding, he finds that 
rangement, which strikes the eye as be-| the best results are arrived at in the fol- 
ing both mechanically and magnetically |lowing way: In his four-pole dynamo 
bad, is claimed as one of the virtues of | there are eight cores to be wound. Each 
the machine, which, in spite of its mag- | of these receives a shunt coil of fine wire, 
nets, appears to be a very good working | and outside this a main coil of stout wire. 
machine. Its armature is constructed |The eight fine wire coils are then joined 
of four separate curved iron frames, upon /up in series with one another, and con- 
which the previously wound coils are/ nected as a shunt to the terminals ; whilst 


Fie. 21. 


ty 


Dh CTT 


Viorori1a (SonuckEert-Morpvey) Dynamo (4-Po Le). 


slipped, and which are then bolted to- 
gether and secured to strong end plates. 
I have not seen any report on the effi- 
ciency of this machine. 

We next come to the class of machines 
in which a flattened Gramme ring is 
used, and of which the machines of Fein, 
Schuckert and Giilcher are the best 
known types. 


the eight main circuit coils are joined up 
in parallel. In proof of the degree of ac- 
curacy attained by this method Mr. 
Gilcher has given me many numerical 
data from actual tests. All of them show 
avery fair approximation to a constant 
potential, and an actually-attained con- 
stancy for a considerable range. For ex- 


‘ample, a 4-pole machine, intended to give 
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65 volts, gave that figure exactly, when 
the external current varied from 30 to 88 
amperes; and gave 64 volts at 63.5 am- 
peres, 63.5 volts at 130 amperes. With 
one ampere only, the potential was 61.5 
volts. Mr. Gulcher adds that, in spite 
of all possible care in manufacture, very 
large machines do not give results as 
satisfactory as those given by machines 
of somewhat smaller dimensions, though 
the machines are of identical type, and 
their parts calculated from the same for- 
mule. He thinks this, to indicate that to 
obtain the same ratio of out-put and effi- 
ciency to weight, there ought to be a cor- 
responding increase made in the electro- 
motive force of the machine. In other 
words, the means taken in large machines 
to keep down the electromotive force to 
equality with that of the smaller machines 
are detrimental to the action of the ma- 
chine. 

The Anglo-American Electric Light 
Corporation has been manufacturing dur- 
ing the past yeara dynamo of the flatter- 
ing type, under the patents of Schuckert 
and Mordey, to which the not very apt 
name of the “ Victoria” dynamo has 
been given. By the kindness of Mr. F. 
Wynne, general manager of the Corpora- 
tion, and of Mr. Mordey, and Mr. P. 
Sellon, I have been able to learn a great 
deal about this machine, and to test per- 
sonally its capabilities. There are two 
types of the new Schuckert-Mordey dy- 
namo, one having 4, the other 8 poles ar- 
ranged round the ring. As mentioned 
earlier in this paper, Mr. Mordey has 
given great attention to the form of the 
pole-pieces. These pole-pieces, in the 
earlier Schuckert machines, consisted of 
hollow iron shoes or cases which occupied 
a large angular breadth along the circum- 
ference of the ring. Similar hollow 
polar extensions are still used in the 
Gilcher machines (see Fig. 26 of my 
Cantor Lectures). Mr. Mordey has found 
my opinion, based upon the diagrams of 
potential at the collector, to be correct, 


that these wide-embracing pole-pieces | 


were responsible for false inductions, giv- 
ing rise to opposing electromotive forces 
and setting up secondary neutral points 
at the collectors. He has, therefore, by 
long extended experiments, arrived at a 
form of pole-piece which completely ob- 
viates these effects. As will be seen from 
Fig. 21, which represents the 4-pole 





‘sary, and these are 90° apart. 


Victoria dynamo, the pole-pieces, though 
they embrace the ring through its whole 
depth, from external to internal periph- 
ery, are quite narrow, and do not 
cover more than 30° of angular breadth 
of the circumference of the armature. 
They are of cast iron, and are cast upon 
the cylindrical cores of soft wrought iron 
which receive the coils. It may be men- 
tioned that, in the 4-pole Gulcher ma- 
chines, the wide box-like pole-pieces are 
also cast on wrought iron cores. The 
armature of the Victoria dynamo re- 
sembles in its structure the Pacinotti 
rather than the Gramme type. Its 
core is built up of rings cut from sheet 
charcoal iron, and Mr. Mordey has taken 
special pains to ensure that there are no 
electric circuits made in the bolting to- 
gether of these cores, each plate being 
both electrically and magnetically insu- 
lated from the adjacent plates. Eddy 
currents in the core are thus almost en- 
tirely obviated, This was far from being 
the case with some of the earlier ma- 
chines, in which, as in the Edison ma- 
chine until Dr. Hopkinson improved it, 
the bolts holding together the cores con- 
stituted an available path for wasteful 
inductions. The core rings of the Vic- 
toria dynamo are toothed, as in the 
Pacinotti ring, and the wires are wound 
in the intervening gaps. There is, more- 
over, ample ventilation in this armature, 
a point not to be overlooked. Formerly, 
in a four-pole machine, four brushes were 
necessary—as in the Gilcher dynamo 
and the four-pole Gramme. Mr. Mordey 
has reduced the number to two, by the 
device, firstly, of connecting together 
those segments of the armature coils 
which occupy similar positions with re- 
spect to the poles; and, secondly, of con- 
necting together, by metallic connections, 
those bars of the collector which are at 
the same potential. In the four-pole 
machine opposite bars are thus connect- 
ed. Two brushes only are then neces- 
Fig. 22 
gives the actual diagram of the potentials 
at the collector. There being 60 sections 
in the ring, there will be 15 segments of 
the collector from the negative brush to 
the positive. The potential rises steadily 
from the negative brush, and becomes a 
maximum at the positive brush, at 90°, 
whence it again diminishes to zero at 
180°. The bars of the collector being 
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connected, it will be remembered, to | ular. It is a singular result that while 
those diametrically opposite to them, it|/in those machines in which the ring 
follows that the potential will rise from | armature is extended cylinderwise, there 
180° to 270°, precisely as.it rose from 0°|must be wide-embracing pole-pieces, in 
to 90°, and will again fall to zero in pass- | those in which the ring is flattened into 
ing from 270° to 0°. If the curve from|a disk shape, the pole-pieces must on no 
0° to 180° were plotted again horizon- | account be wide. 

tally, we should clearly see how nearly} The Victoria dynamo is self-regulating, 
regular the rise and fall is. If from this| having all the eight field-magnet coils 
curve we were to construct another one,| doubly wound, with main circuit coils 
in which the heights of the ordinates|inside, and shunt coils outside. The 
should correspond to the tangent of the | characteristic of this machine is wonder- 
angle of slope of this potential curve—in fully straight. In a“ D*” machine, wound 
other words, if we were to differentiate | for a potential of 60 volts, the following 
the curve—we should obtain a second | values were obtained. Open circuit, 58 
curve—the curve of induction. It would | volts ; 10 amperes, 58.5 volts ; 20 amperes, 
show a positive maximum at about 30°,|59 volts; 60 amperes, 59.7 volts; 90 








' 
! 
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DiaGRaM OF PorenTIALs AT CoLLEcTOR OF 4-PoLE ScnuucKERT-MorpEY DyNAMo. 


and a negative maximum at about 120°, , amperes, 59.9 volts; 120 amperes, 60 
where the slope up and slope down are volts. It will be seen that for small 
steepest in the potential curve. These} loads the potential drops a little; but it 
maxima of induction are situated very | is under these circumstances that the en- 
nearly opposite the edges of the pole. | gine speed usually rises slightly in prac- 
pieces, on the side toward which the | tice, so that the constancy of the poten- 
armature is rotating. Apparently the) tial between the mains is somewhat better 
lines of force of the field are the thickest | than the figures would show. In actual 
here. In this displacement of the maxi-| practice, the regulation is marvelous. I 
mum induction we have, I think, the ex-| have myself opened the circuit of a Vic- 
planation of the inferiority of the earlier|toria dynamo which at the time was 
machines with broad polar expansions. | feeding 101 lamps, 100 being at a dis- 
In those machines the maximum position | tance, 1 lamp attached to the terminals 
of induction was displaced to the very| of the machine. On detaching the main 
edge of the broad pole-piece, and, there-| wire from the terminal, the 100 lamps 
fore, the induction was sudden and irreg- ' were suddenly extinguished. The solitary 
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lamp on the machine did not even 
wink and there was no flash at the 
brushes. The sparking was so slight 
it was impossible to tell whether 
the machine was an open circuit or 
whether it was doing full work. 
The lead was the same under all 


Fic. 


85.68 per cent. These values assume 
the B. A. unit of resistance as the true 
ohm, and are, therefore, probably about 14 
per cent. too high. Some of these ma- 
chines are wound for low speeds for ship 
lighting. These machines have an elec- 


trical activity slightly higher, and an ef- 


23. 


Victoria (Scuuckert-MorpEy) Dynamo (8-PoLe). 


loads. There are not many dynamos 
that can show a result of this kind. Ac- 
cording to measurements made by the An- 
glo-American Corporation's electricians, 
who have published the figures entire, 
the factor of conversion of this machine 
is 96.15 per cent., the electrical efficiency 


ficiency slightly lower, than the high- 
speed machines. They also have field- 
magnet cores slightly heavier, requiring, 
therefore, the expenditure of rather more 
electrical energy in maintaining the field. 
These remarks refer, of course, to a com- 
parison between machines wound to light 
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ah equal number of lamps, and to work 
at an equal electromotive force. 

A larger type of Victoria machine, 
having 8 poles, alternately north and 
south, set around the ring, has also been 
constructed by the Anglo-American Cor- 
poration. This machine (Fig. 23) illu- 
minates 750 incandescent lamps. The 
ring has 120 sections, there being 15 sec- 
tions, therefore, between each pole and 
the adjacent pole of the surrounding set. 
As each segment of the collector is con- 
nected with those situated at 90°, 180°, 
and 270° distance around the set, only 
two brushes are required. 

A rather singular commentary upon 
the real superiority of multipolar dyna- 
mos having rings of tie flattened type 
over the more compact ring armatures, 
to which we have been accustomed in the 
ordinary Gramme machines, is furnished 
by the announcement within the past 
month of a new and improved dynamo 
designed by M. Gramme himself, in 
which there is a flat-ring armature ro- 
tating within a crown of 12 poles. Elab- 
orate illustrations and a detailed descrip- 
tion of this latest of dynamos are given 
in the Revue Industrielle, of January 9th, 
1884. From this article it appears that 


in the opinion of Mr. Gramme the new 
machine still requires some modifications 


to make it quite a practical machine. A 
glance at this drawing is quite sufficient 
to enable one to hazard a guess at the 
reasons. The pole-pieces are broad, 
nearly meeting one another. I should 
confidently predict from such a design 
the vice of sparking at the brushes and 
heating of the collector segments. 
Moreover, there are no fewer than 24 
brushes! Think of the friction of 24 
brushes, and the labor of making the 
complicated holders. It appears that in 
England we are at least a few steps ahead 
of France in the matter of designing dy- 
namo machines. 

Another 4-pole flat-ring dynamo has 
been designed by Herr Schuckert, of 
Nurnberg, and was exhibited at the late 
Vienna Exhibition. This machine, which 
had many excellent points in its design, 
was compound wound, and was calcu- 
lated to give, at 450 revolutions, a cur- 
rent of 320 amperes at 100 volts. 

The present drift toward multipolar 
dynamos of this type is very significant. 
There is little difference, save in detail, 
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between the 4-pole machines of Gulcher, 
Schuckert, and the newer “ Schuckert- 
Mordey” dynamo, albeit these differences 
are notunimportant. but all these con- 
structors agree in adopting the flat ring. 
The advantage originally claimed for this 
construction, namely, that it allows less 
of the total length of wire to remain 
“idle” on the inner side of the ring, is 
rather imaginary than real, for the total 
resistance of the armature is but a small 
fraction of the whole resistance of the 
circuit; and it is possible to spread the 
field so as to make all parts of the wire 
active without any gain whatever, if, by 
this spreading there is no increase on 
the whole in the total number of lines of 
force in the field. The real reasons in 
favor of multipolar flat ring armatures 
appear to be the following: First, their 
excellent ventilation; second, their free- 
dom from liability to be injured by the 
flying out of the coils by the tangential 
inertia (often miscalled centrifugal force) 
at high speeds; third, their low resist- 
ance, due to the fact that the separate 
sections are cross-connected either at the 
brusbes or in the ring itself in parallel 
arc. To these may be added that, with 
an equal peripheral speed, the armature 
rotating between four poles undergoes 
twice as much induction as when rotat- 
ing between two poles, since it cuts the 
lines of force twice as many times in the 
former case as in the latter. 

I pass on to the improvements made 
in the dynamo by Messrs. R. E. Cromp- 
ton and Co. To describe the course of 
development which the Burgin dynamo 
has undergone in Mr. Crompton’s hands 
would alone occupy a whole evening. 
The armature of the original machine, as 
it came from Switzerland, consisted of 
several rings set side by side on one 
spindle, these rings being made of iron 
wire wound upon a square frame, and 
carrying each four coils. In this form it 
is described in Professor Adams’ Cantor 
Lectures on “ Electric Lighting,” in 1881. 
Mr. Crompton changed the square form 
to a hexagon having six coils upon it, 
and increased the number of rings to 
ten, so that the armature consisted of 
sixty segments. He then found it ad- 
visable to alternate the positions of these 
instead of placing them in a regular 
screw order on the spindle, as shown in 
‘most of the public drawings of this well- 
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known machine.. The next step was to 
increase the quantity of iron in the hex- 
agonal cores, and to ascertain by experi- 
ment what was the best relative propor- 
tion of iron and copper to employ. At 
the same time Mr. Crompton and Mr. 
Kapp introduced their system of “ com- 
pounding” the windings of the field- 
magnets. Another change in the arma- 
ture followed, the rings being made 
much broader and fewer in number, four 
massive hexagonal rings, united to a 24- 
part collector, replacing the ten slighter 
rings and their 60-part collector. Quite 
recently Mr. Crompton and Mr. Kapp 
have again remodeled the style of arma- 
ture and have produced a machine which, 
though it is not yet quite completed, 
shows what may be done in the way of 
improvement by careful attention to the 
best proportions of parts and quality of 
material. The new dynamo weighs 22 
ewts. Its field-magnets are of the very 
softest Swedish wrought iron, compound 
wound. The armature is a single ring 
of the elongated or cylindrical pattern, 
and its coils are wound upon an iron core 
made up of toothed dises of very thin, 
soft iron fixed upon a central spindle, the 
coil being wound between the teeth as 
in a Pacinotti ring. In fact, the arma- 
ture may be described as a kind of cross 
between those of Weston and Pacinotti, 
having also something in common in the 
Bergin armature, at least so I under- 
stand, for though I have, by the kindness 
of Mr. Crompton, been allowed to see 
the machine, I have had no opportunity 
as yet of examining the armature. Mr. 
Crompton’s great aim has been to have 
as complete a magnetic circuit as pos- 
sible, and that of the best quality. He 
has sought to increase the intensity of 
the field by having plenty of iron in the 
armature, and bringing that iron as close 
as possible into proximity with the pole- 
pieces by means of the projecting teeth. 
The result is an extraordinary increase 


in the “output,” or, as Sir William | 


Thompson puts it, “activity” (i. e., 
amount of work done per second) of the 
machine. The machine is only 3 ft. 4 in. 
long, 12 in. high, and 2 ft. wide. The 
armature is 17 in. long, and 8 in. diam- 
eter. At 1,000 revolutions per minute 
it gives 110 amperes at 145 volts, or its 


“activity” is 15,050 watts; but at this) 
ishow its general arrangements. 


speed it heats too much. The power of 


the field magnets is such that, at all 
speeds, and under all conditions of the 
external circuit, the intensity of the field 
over-masters the magnetizing action of 
the currents in the armature coils. There 
is, therefore, hardly any lead at all at the 
brushes, and what lead there is, is abso- 
lutely constant. There is no sparking 
at the brushes, and it is impossible to 
‘tell by looking at the brushes whether 
the current is off or on. Mr. Crompton 
is now constructing another machine of 
the same general design, but larger, to 
drive 1,000 Swan lamps. This machine, 
together with its engine, is only about 8 
ft. long, 6 ft. high, 2 ft. 4 in. wide, and 
complete with its bed-plate, will weigh 
only about 8 tons. 

It may be mentioned that in Messrs. 
|Crompton’s compound dynamos, as also 
in those of the Anglo-American Corpor- 
|ation, the series coils are wound direct 
‘upon the iron cores, and the shunt coils 
outside them, thus reversing the practice 
adopted by Messrs. Siemens and by Mr. 
Gilcher. It might have been expected 
that theory would have something to say 
in determining which practice is prefer- 
able. If the shunt coils of thin wire are 
outside, the prime cost for an equal mag- 
netizing effect will probably be greater. 
If the series coils are outside the loss by 
heating in producing an equal magnetic 
effect will probably be increased. It 
might have been expected that, as with 
galvanometer coils, so with the coils of 
field-magnets it would be advantageous 
to get as many of the turns as close as 
possible to the core, and, therefore, that 
the thinner wire should be wound on be- 
fore the thicker. But, on the other 
hand, it is advisable to keep down the 
resistance of the series coils, as they will 
form part of the main circuit, whilst the 
additional resistance, necessitated by 
winding in coils of larger diameter, is not 
altogether a disadvantage in a shunt 
coil. If this proves to be the right way 
of regarding the problem, we shall wind 
the shunt coils outside those that are in 
series with the main circuit. 

Before leaving the subject of ring 
armatures I should like to refer to a form 
recently devised by Signor B. Cabella, 
which I think might be recommended to 
amateur constructors of dynamos as be- 
ing easily made. The Figs. 24 and 25 
The 




















500 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





armature resembles that of the Edison 


dynamo in being built up of copper ; 


strips. These are separately cut out, 


CABELLA ARMATURE. 


and consist each of a straight piece having 
two arms, and projecting at right angles. 
A sleeve of insulating material is placed 
over the axle, and around this these cop- 
per pieces are arranged to the number of 
some 240 or so, having their arms pro- 
jecting symmetrically around in two ra- 
dial sets, one near one end and the other 


copper are connected at their two ends 


to pieces which project not from the 
same internal copper strip but from ad- 
jacent strips. Thus an external bar will 
connect the anterior end of the first 
strip with the posterior end of the second ; 
and soon. Every third strip is carried 


‘along the axle and connected to a seg- 


ment of the collector. This construction 
is certainly simpler than that of the Edi- 
son armature, and might be adapted to 
many different types of machines. Ac- 
cording to professor Ferrini, one of 
Cabella’s armatures placed between the 
poles of a 60-light Edison (“ Z,” old pat- 
tern} instead of its ordinary armature, 
increased its power so that it could be 
used over 100 lamps. 

Passing from ring-armatures, I come 
to another type of machine having disc 
armatures. The earliest machine of this 
type was due to the indefatigable Mr. 
Edison, who built up his dise of radial 
bars connected at the outer ends by con- 
centric hoops, and at the inner by plates 





or washers. Each radial bar communi- 


Fig.25 






























































CABELLA ARMATURE. 


near the other. The channel formed 
thus between the two sets is lined with | 


SEOTION. 


|cates with the one opposite to it ; and the 
disc thus built up is rotated between the 


insulating material, and then entirely|cheeks or pole-pieces of very powerful 
filled up with soft iron wire wound | field-magnets, which very nearly meet, 


around. Then straight strips of copper, 
eight millimeters broad and two millime- 
ters thick, are screwed across the outside 
(like the bars of the Edison armature) 
from the ends of one set of radial projec- 
tions to the end of the others, forming 
the parallelogram section. But, in order 
to connect the ring all around in a con- 
tinuous circuit, these external strips of 


and which therefore yield an enormously 
powerful field. I cannot hear of any of 
these disc dynamos having yet come into 
practical use. 

Another type of dise-dynamo has been 
invented by Sir. W. Thomson. In this 
case, the armature is a flat wheel, very 
like a flattened bicycle wheel. It is 
shown at @ in Figs. 26, 27 and 28. The 
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radial arms or spokes of the wheel, in 
which the currents are induced, are all 
connected at their external ends to the 
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ARMATURE OF Sir W. THomson’s WHEEL 
Dynamo. 
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Fig.27 
Tuomson’s WHEEL Dynamo. 
VERTICAL SECTION. 
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Str W. Tuomson’s WHEE. Dynamo. 


copper rim, but at their internal ends 
are carefully insulated and connected 
each to a segment of a collector or com- 
mutator, g. As in Edison’s disc machine, 
so also in this, the thin disc rotates be- 
tween the poles of very powerful field- 
magnets, which, in the case of Sir W. 
Thomson's machine, are semicircular in 
form. Sir. W. Thomson also pivots his 
armature with its axis vertical, and spins 
it like one of his gyrostats. 


o be in practice a success. Its construc- 
ion necessitates a very high speed, else 


Unfortun- | 
ately, the machine has not shown itself | 


Front ELevation. 


|the electromotive force would be small- 
\If the radial bars, instead of being all 
joined to one rim, were united by over- 
| lapping insulated rings, each one to the one 
|next to that diametrically opposite, and a 
connection brought round again at the 
hub to the next but one from that at 
which the outer rim started, then, apply- 
ing similar connections all round, the 
radii would all be connected in circuit, 
and a much higher electromotive force 
might be obtained. I am not aware 
| that any disc so connected has yet been 
tried. 
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Some improvements have also been | gether. Fig. 31 shows one-half of the 
made in the Elphinstone-Vincent ma-|carcase of the machine with its project- 


chine. The sections of the armature of | 
this machine are wound separately in| 
parallelogram forms like that shown in 
Fig. 29, and the separate sections are 
then fixed upon the periphery of a papier- 
maché cylinder which is mounted so as to 
rotate between powerful field-magnets 
and internal field-magnets whose poles 
reinforce the field. In the improved ma- 


Fig.29 








PARALLELOGRAM COIL FROM THE ELPHINSTON- 
VINcENT ARMATURE. 


chines the parallelograms of wire are so 
arranged that the overlapping ends lie 
outside the ends of the polar surfaces of 
the field-magnets, which, therefore, can 





ing circle of magnet cores, C, which re- 
ceive the field-magnet coils. The arma- 
ture, originally a single zig-zag piece of 
copper, has assumed the form shown in 


| Fig. 32, in which it may be seen that the 


convolutions are multiplied, and are held 
in their places by bolts through a star- 
shaped piece of brass which also serves 
to carry to one of the two collectors the 
connexion with one of the zig-zag copper 
strip. There are in fact three complete 
circuits of copper strips in the armature 
connected in parallel arc. They begin at 
three of the alternate four bolts of the 
star shaded piece, and folding around one 
another, they al] eventually unite with a 
second and inner star-shaped piece, which 
communicates with the second collector. 
Each strip makes ten turns round the 
zig-zags, so that there are thirty layers, 
all well insulated from one another by 
strips of vulcanized fiber. This armature 
is 30 in. in diameter, and a little more 
than 4 in. thick in the upper convolutions, 
so that the opposite poles of the field- 
magnets can be brought very close to- 
gether, and a very powerful field pro- 
duced. The entire armature weighs only 
96 pounds. The most extraordinary part 
of the machine is, however, the arrange- 
ment adopted for conveying the currents 








to the external circuit. The axle carries 
on either side of the armature an insu- 
lated collector ring of bronze, to which the 
afore-mentioned star-shaped pieces are re- 
spectively connected. Instead of brushes, 
solid pieces of metal, shown at C’ C’, Fig. 
33, are employed to collect the current. 
These collectors hook on over the col- 
lecting rings, and bear against about 180° 
of the periphery of each ring. They are 
fixed on universal joints, and held by 
springs from rotating. Copper strips 
connect them to the terminals of the ma- 
chine. The arrangements for lubricating 
the bearings are extremely perfect. The 
machine requires a speed of 1,400, and 
weighs 1} tons. Mr. Ferranti has also 
designed a slow-speed dynamo to run at 
300 revolutions per minute, and feed 500 
lamps. 

A very large alternate current machine 
vas shown at the late Electrical Exhibi- 
tion at Vienna, by Messrs. Ganz, of Buda- 
Pesth. It was capable of furnishing light 
for 1,200 Swan lamps (20 candle power 


be brought very close to the surface of 
the rotating cylinder. Amongst other 
improvements, also, segments of the col- 
lector are internally cross-connected, so 
that only two brushes are needed instead 
of six as formerly. Several improve- 
ments in mechanical details have also 
been made. 

In alternate current machines some- 
thing has also been done. The Ferranti- 
Thomson machine, which, at the date of 
my Cantor Lectures, had just made its 
appearance, has been considerably per- 
fected. By the courtesy of Mr. Ham- 
mond, I am enabled to show Figs. 30 to 
33, illustrative of the “1,000-light ” dy- 
namo, and of its working parts. Exter- 
nally, the machine is scarcely charged at 
all; the driving pulley being a little 
larger in proportion. Internally, consid- 





erable changes have been made, and in 
these the hand of the experienced me- 
chanical engineer is apparent. The frame- 
work of the machine is now cast in two 
halves, which are afterwards bolted to- 
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each). This dynamo, which in some 
points resembled Gordon’s well known 
machine, was constructed according to 
the Mechwart-Zippernowsky system. The 


Tue Ferranti 
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The diameter of the rotating part was 24 
meters. A salient feature of this machine 
is the fact that any one of the coils, either 
of armature or field-magnets, can be re- 


Tuousann-Ligut Dynamo. 


thirty-six bobbins of the field-magnet | moved from the side of the machine, in 


were set concentrically on an iron frame, 
and rotated within an outer circle of 
thirty-six armature bobbins. The field- 


case such are needed. The whole fly- 
wheel can, in this way, be taken down by 
one man in a few minutes. An electrical 





—— 


Harr-CarcasE OF Ferranti Dynamo. 


magnet coils were, in fact, the fly-wheel| efficiency of 85 per cent. is claimed for 
of the high-pressure compound engine | this machine. 


which drive the machine and its exciter. 


Of one other class of machines—the 
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unipolar dynamo—lI had intended to say 
something. It is a remarkable thing 
that, though to my knowledge a grea 
deal of attention has been paid lately to 
machines of this type, no one has yet 
succeeded in designing a practical uni- 
polar dynamo. There seems to be some 
hiatus in the theory of this class cf ma- 
chines, for the very singular fact remains 
that those which are designed in defiance 
of precautions to avoid wasteful internal 
eddy currents will work, though badly, 
and those designed with such precautions 
will hardly work at all. 





FERRANTI ARMATURE. 


There are two or three other new de- 
signs for machines which, at present, can 
hardly be called anything but curiosities. 
There is, for example, a design for a dy- 
namo (a drawing of which is given in 
Fig. 34), by Sir Charles Bright, in which 
the field-magnet coils and armature 
stand still, but in which the iron cores 
and the brushes rotate. There is another 
design by Professor G. Forbes, in which 
part of the field-magnets rotate. Mr. C. 
Lever has designed a machine on some- 
what similar principles to the foregoing. 
I have myself essayed an alternate-cur 
rent machine, in which both armature 
and field-magnets stand still, while lam- 
inated pole-pieces alone revolve. I hear 
also of a dynamo designed in the States 
in which there are no field-magnets, only 
two revolving armatures. 





And now I have left myself no time to | pher to do for the magnetic circuit what 





deal with the third branch of my subject, 
namely, the dynamo in its functions as a 
mechanical motor. In this branch also 
much progress has been made. If time 
permitted I would speak of the motors 
designed by Professors Ayrton and Perry, 
which are successful to a very remarkable 
degree in yielding a great mechanical 
power in proportion to their weight. I 
might have been inclined to say some- 
thing of the attempts made by the same 
able electricians to produce a self-govern- 
ing motor by various devices of centrifu- 
gal and periodic governors, and also by 
using an ingenious differential winding. 
I might tell you how I have myself 
worked at the question from a different 
point of view, and have sought to govern 
motors so that they shall run at a uni- 
form speed, by devices which will not 
wait until the speed changes before the 
act, but by devices depending upon the 
variations in the load of the machine, in 
short, upon dynamometric governors 
instead of centrifugal ones. These things 
must, however, wait until some more 
convenient season. Time will only 
admit of my showing you here, in con- 
clusion, a model designed by Mr. C. 
Dorman to illustrate the graphic law of 
efficiency of motors, which I put forward 
in my Cantor lectures, and which I am 
happy to learn has since been largely 
used in many different countries. 

To sum up, then, it may be observed 
that in every department under review, 
the story of the past fifteen months is 
one of solid progress. It has been, it is 
true, progress of a quiet and perhaps of 
a commercial rather than a scientific 
order, yet, as I have shown you, one in 
which practice and theory have gone 
hand in hand. It is true that in some 
few points theory is ahead of practice, 
but in a still larger number practice is 
ahead of theory. It would be a great 
boon to us if our theoreticians could 
bring up theory to the level of practice 
in some of the simplest facts. We do 
not even know the exact law of the 
saturation of iron in electro-magnets, 
and content ourselves with formule, 
which we know to be incorrect. Of the 
laws of induction of magnetism in cir- 
cuits partly consisting of iron, partly of 
strata of air, or of copper wire, we know 
very little. We want some new philoso- 
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CoLLecTors OF Frerranti Dynamo. 


Fig.34 
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Sir C. Brieut’s SuagGestep Dynamo. 


Dr. Ohm did for the voltaic circuit fifty; by those whose knowledge and experi- 
years ago. There is ample room for|ence give them a deliberate faith in the 
progress yet in theory as well as in prac- | future, and whose efforts are directed to- 
tice ; and the perfection of theory means| ward no uncertain end. A steady de 
the deliverance of practice from arbitrary | velopment toward the yet far distant 
rules of thumb, and from the blunders of | goal of perfection is going on unceasing- 
inexperience which have so retarded |ly. The progress of which I am permitted 
progress in the past. The history of the|to be the chronicler to-night is progress 
past fifteen months, however, gives great | of the good and substantial kind, that 
encouragement for the future, because it | owes nothing to the excited rush of Stock 
shows how much may be done, even in| Exchange speculations, and which, not 
the face of great commercial depression, ! having been nurtured at an unhealthy 
Vor, XXX.—No. 6—35 
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fever heat, is destined to be of permanent | 
value. 
DISCUSSION. 

The Chairman said they were much 
indebted to Professor Thompson for the 
extremely clear and able manner in which 
he had brought forward the progress of 
dynamo-electric history, and he was very 
much pleased to find that in that progress 
he had given the first place to practice, | 
and the second place to theory. He had 
always found theoretical men rather in- | 
clined to look with a certain amount of 
disdain upon practical men, and to think 
that practical men knew nothing about 
their subject unless they followed the dic- 
tates of theorists. But a change seemed 
to be coming over the spirit of the dreams 
of philosophers, and they were now pay- 
ing much more attention to the teachings 
of experience than they used to. Pro- 
fessor Thompson had shown how, during 
the past 15 months’ progress, the lead 
had been taken by practical men; and he 
had been rather amused at this, because 
not much more than a week ago he heard 
him make similar remarks upon a paper 
brought before the Royal Society by 
Professor Hughes, one of the most won- 
derful experimenters and discoverers of 
the present day. Professor Hughes suc- 
ceeded, with pins, bodkins, bonnet wire, 
match boxes, tin kettles, and similar 
pieces of apparatus, in extracting from 
nature some wonderful secrets, and he 
had brought out some very beautiful in- 
struments, which had been the result of 
incessant toil and constant experiment in 
every shapeandform. Professor Thomp- 
son, at the Royal Society, gave the theory 
after Professor Hughes had shown his 
instruments, and at the end of the paper 
expressed surprise that Professor Hughes’ 
instrument accorded with histheory. This 
was much what he had told them now, 
though not quite in the same words, that, 
after all, experience was the only safe 
guide in teaching one how to make in- 
struments for real practical work; and 
theory was a very good servant indeed 
when it came afterwards, and gave a plain, 
simple, unvarnished tale, which all could 
understand, to enable them to understand 
the peculiar action which had taken place. 
Professor Thompson had alluded to the 
theory of the dynamo machine, and di- 
vided his theories into three—the physic- 


represented in our eyes. 





al, the algebraical, and the geometrical ; 


and he was bound to say that his own 
diagramatical representation of the action 
of dynamo machines, and of the perform- 
ance of magnetic fields, were perhaps the 
most interesting part of his paper. The 
way in which he had worked out the mag- 
netic field had taught everybody more 
about this subject than they knew before. 
But he must say that he objected in toto 
to this application of the term theory to 
explanations which Professor Thompson 
had giyen of the action of the dynamo 
machines. Theory was neither algebra- 
ical, nor geometrical. What Professor 
Thompson called theory was an explan- 
ation—a mode of representing what took 
place. Buta theory was more than that ; 
it was an explanation—a mental picture 
—of what took place in nature which 
placed it beyond mere hypothesis. For 
instance, the theory of light was an ex- 
planation of a certain physical action 
which took place in the universe, which 
enabled the vibrations of the sun to be 
The theory of 
heat was something which enabled us to 
conceive of matter itself vibrating and 
the space around it also vibrating in 
unison; but he objected to applying the 
term theory to either an algebraical or 
geometrical description of the actions of 
the dynamo or any other machine. He, 
and all other electricians, wanted to have 
some idea conveyed to their minds of 
what took place in a wire, in iron, and in 
the space occupied by the iron and the 
wire, which produced those marvelous 
results which they saw in the electric light 
and in the transmission of force, and to 
this sense he would confine the word 
theory. 

Mr. Liggins said he was not qualified 
to speak on the scientific aspect of the 
question, but he was much interested in 
hearing of the progress which had been 
made during the last sixteen months. 
He was glad to find that some of the 
bubble companies were going to the wall, 
and when some of the systems which had 
very little merit were out of the way, 
there would be a chance for some simple 
and practical method to come into use. 
One day last week, at the Edgwareroad 
Station, he noticed that the electric arc 
light was wonderfully steady, and the 
superintendent informed him that an im- 
provement had just been introduced, 
which reduced the cost from £200 to £8. 
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That was all he heard about it, for he | 


had not time to inquire further particu- | 
lars, but he hoped the time was not far | 
distant when the public would derive a 
benefit from some of these improvements. | 


Mr. Percy Sellon then gave some par- | 
He | 
said that taking an original Schuckert 
machine, capable of giving 60 incandes- | 


ticulars of the Victoria machine. 


Professor Thompson, in reply, said 
|he did not agree with the Chairman’s 
criticism on his use of the word theory. 
He thought that he had indicated that 
‘these three methods were really three as- 
pects of the theory. The number of 
lines of force which he had been dealing 
with might be expressed by certain 
length of line, geometrically, or by the 


ence lamps of a certain power, by substi- | symbol » alphabetically, or when viewed 
tuting four poles for two, the mass of | optically, by a mere pictorial demonstra- 
which, both in iron and copper, was very| tion. What some people wrote x for, 
little in excess of that in the original two, | other people indicated by drawing a line 
and using identically the same ring , they | in a certain direction. It was only 
obtained 100 lights and a much better re- | another way of arguing about the things 
sult in the commutator. From the old| themselves. He wanted them not to ig- 
Schuckert machine they got a very sim- | nore those essential considerations which 
ilar diagram to that which had been constituted the true theory, and which 
shown, among these integrated from | underlay the mere facts of observation. 
Isenbeck’s as a bad one with false induc-| They were approximating to that theory 
tions (Fig. 6), the output of the machine | by one process or another, sometimes by 
being crowded into two bobbins, and on | algebra, sometimes by geometry, some- 
the other side there was a back electro- 'times by diagrams, and it made all the 
motive force which caused considerable | difference between working intelligently 





sparking. 


the same time the internal resistance was | 
brought down to about one-fourth what | 
it was before. In constructing large dy- | 
namos for 500 lights and upwards, they | 


were increasing the number of poles to | 


6 and 8, and eventually, probably, they 
would go to twelve for very large ma- 
chines. 
that when you brought the poles together 
you had a given number of lines of force 
crowded into a very much smaller space; 


the distances of the centers between | 


north and south polarity were much less, 
and whilst the number of poles increased, 
the intensity of the field remained the | 
same, and, therefore, a given length of | 
wire and iron, revolving at a certain 
speed, would give a decidedly higher re- 
sult. With regard to the system of com- 
pound windin 


of the firm, Mr. C. Watson; and it was 
applied without any formula or mathe- 


matics, and the very first machine con-| 


structed without any experiments gave as 
good a curve as the one shown on the 
diagram. It gave a difference of poten- 
tial of only about 3 per cent. when the 


This was almost entirely re- | 
moved by the use of four poles, and at | 


The great advantage of this was | 


g, heshould say that a great | 
deal of the credit was due to an employé | 


and unintelligently to have a principle to 
guide one. He had been trying to dis- 
| cover, both from a priori considerations, 
‘and from the teachings of experience, 
what the principles were which ought to 
guide practice; and he thought he 
might claim to have vindicated the claims 
of theory. It was quite true that theoreti- 
cal men had been sometimes loth to allow 
any consideration to practical men ; but, 
on the other hand, practical men would of- 
ten refuse to have anything to do with the- 
lory. The vindication he wanted to put 
forward was this: in his Cantor lectures, 
and since, he had been working diligent- 
|ly at the curves of potential around the 
‘commutator, and to-night he had con- 
nected them with the curves of Isenbeck. 
| Part of the improvement he had noticed 
‘in the Schuckert machine was directly 
due to the advice he had given Mr. Mor- 
dey, and to the world at large, on shaping 
of the pole-pieces to that form which 
would give the best result on the commu- 
tator in respect to the rise of the curve 
of potentials. Originally the Schiickert 
machine had great shoes of iron as pole- 
pieces around it, now they were nar- 
rowed and tapered. It was found that 
where you had pole-pieces on the two 


whole number of lamps was at work, and | sides of an ordinary cylindrical Gramme 
when the armature was simply working | ring, it was better to have them curved 
‘around through a large arc, because it 
| gave a flatter field, and the cutting of the 


on the shunt. That showed theory was 
not always necessary. 
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lines of force was more regular. Now 
they were finding that practice was lead- 
ing in an exactly opposite directions for 
flat-ring machines with the poles at the 
sides; the shoes were being cut down into 
little narrow pole-pieces. Theory had 
led practice to that, and theory, too, had 
pointed out the relation between the 
curve of the potential and the induction 
due to the pole-pieces. After theory had 
indicated the source of error and a pos- 
sible means of remedy, they had gone 
on experimentally cutting down the 
pole-pieces until they got the proper 
curve on the commutator. He might 
further claim, as a vindication of theory, 
that M. Gramme, who had had fourteen 
years’ experience in constructing Gramme 
machines, and to whom they owed an 
enormous debt of gratitude, had not yet 
arrived at the real point which had been 
reached in England. M. Gramme con- 
fessed that this 12-pole machine of his 
was not yet perfect, and he (Professor 
Thompson) had little doubt that the rea- 
son was that he had great flat pole- 
pieces nearly meeting each other. He 
would stake his opinion on the fact that 
if he had only made the poles narrower 
he would have had a better curve of po- 
tential, a machine that did not spark so 
much. That was the deduction he should 
draw at once from the potential curve. 
He claimed that it was entirely admis- 
sable to call a generalization from which 
deductions of that kind might be drawn, 
theory ; it was theory in the truest sense 
of the term, because it pointed the way 
for practice to follow. He did not re- 
quire to know what electricity was, or 
what magnetism was in a piece of iron, 
or what was the ultimate form of the 
transfer of force across the space be- 
tween them, before he used the word 
theory. He regretted that cold water 
should have been thrown on his attempt 
to raise the construction and design of 
dynamo machines above mere rules of 
thumb, which were the essence of prac- 
tice when unenlightened by theory. 
Practice without theory went on blun- 
dering in the dark, and though it was 
possible to blunder into success, it was 
much more easy to blunder into failure. 
With regard to the invention which had 
been mentioned which would reduce the 
cost from £200 to £8, he need hardly say 
he should be much interested in further 


details; he believed it was the first in- 
stance on record in which an inventor 
dared to claim to have reduced the cost 
‘more than 50 per cent., that being the 
‘usual reduction claimed in the stock 
|phrase of company promoters. 

| The Chairman, in proposing a vote of 
‘thanks to Professor Thompson, said he 
| did not apply the word “theory” in the 
sense he objected to. He thought that 
‘certain geometrical and algebraical in- 
| vestigations were essential in carrying 
out any practical question, but he object- 
‘ed to the use of the word “theory” to 
explain what was really better expressed 
by the word “ principle.” Prof. Thompson 
himself used the word “principle,” and had 
detailed the principles that governed the 
action of the dynamo machines, and it 
had been in following these principles 
that such vast improvements had been 
made. He should like to have heard 
some description from Professor Thomp- 
son of a class of dynamo machine which 
was now coming into use daily very 
largely for the production of copper by 
the deposit of the metal from its salts. 
This was being done both at Swansea 
and at Birmingham. Mr. William El- 
more, a hard worker in this field, who 
had works at Blackfriars, was setting up 
very large works at Swansea for the 
extraction of copper from impure ores by 
this method, and when next Professor 
Thompson brought the subject before 
this Society, as he was sure the council 
would insist upon his doing next year, 
he hoped that he would pay a little at- 
tention to those dynamo machines that 
were met with in other fields besides the 
production of electric light and the trans- 
mission of power. Again, he was rather 
disappointed to hear him pass by very 
lightly the performance of the Hockhau- 
sen machine, which was certainly the 
most distinguished feature of the Fish- 
eries Exhibition. He did not think that 
that machine had received the attention 
it deserved, or been studied so carefully 
by Professor Thompson as others. Its 
|performance was simply wonderful, and 
though he had not yet seen the Victoria 
machine, his own impression was that 
of all those he had seen the Hockhousen 
;was decidedly the best. Perhaps Mr. 
Crompton’s was an exception, for he had 
this advantage over Prof. Thompson that 
he had seen the performance of the Cromp- 
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ton machine. It was certainly a wonderful | whose future they could scarcely see an 
little thing. You saw before you appa-|end to, and every day they could perceive 
rently a lump of iron which was motion-| how, by the combination of theory and 
less and silent; it appeared motionless | practice, they were developing the power 
because it went so quickly, and it was si-|of producing electricity to an extent 
lent because it was so beautifully made,| which no one had dreamed of. What 
but with that machine currents of elec-| with the improvements such as had been 
tricity were produced that had increased | mentioned that evening, with improve- 
the output of the form known as the) ments in electric lamps and various other 
Crompton-Burgin machine exactly 100)| appliances, he did not think there was 
per cent. The great lesson to be learnt| any chance of that end being reached 
was this: advance was being constantly | which gas shareholders were so anxious 
made in all these machines, an advance! to see. 





INTERNAL CORROSION AND SCALE IN STEAM-BOILERS. 
By G. SWINBURN KING. 


From the ‘‘ Journal of the Society of Arts.” 


In presuming to offer any remarks on| From an economic point of view, the 
corrosion and scale in steam boilers, I| subject affects the widest interests in 
have no thought of instructing eminent this country, the birth place and home 
engineers and chemists in a matter con-|of steam power. Besides its relation 
cerning which it would better become to the navy and the shipping world 
me to listen to instruction from them. | generally, it is of vital importance to every 
But, profiting from that which they have | owner of factory, mill, or mine; and, as 
already taught me, my desire is to call | it must ultimately affect the cheapness of 
renewed attention to an important sub- | production, it should concern every class 











ject, and to endeavor, in popular lan- | 
guage, to interest the philanthropist and 
the economist, to whom it especially ap- 
peals, and to lay before the owners of 
steam power, and their superintendent 
engineers, the results of my researches ; 
pointing out what I believe to be the 
surest methods of overcoming evils which 
are known to cause a considerable loss of 
life and an enormous annual waste of 
property. 

Further discussion and inquiry may re- 
sult in the discovery of better methods, 
but, in the meantime, those that have 
proved effectual cannot be too widely 
made known. 

A former connection with the Admi- 
ralty led me to reflect on the importance 
of this question and to take a great in- 
terest init. Since that period I have made 
personal investigation into the subject in 
the great shipping ports of London, Liv- 
erpool, Cardiff, Hull, and other places ; 
and in the manufacturing centers, such 
as Warrington and the neighboring 





towns. 


and every consumer. 
Since the days of James Watt, now a 
century ago, when the giant steam was 


\finally subjugated to the will of man, 


there has been a constant cry for more 
power. 

In the earliest days of steam as a mo- 
tive power, boilers were sometimes made 
of wood, and afterwards of stone; and 
these primitive materials were followed 
by the adoption of cast iron, generally in 
aspherical or hemispherical form, as be- 
ing best calculated to hold in bonds the 
expansive force. Copper was found to 
be inferior in tensile strength, and too 
expensive for the purpose. Cast iron 
has now been discarded for wrought iron 
and steel, and the spherical form of boiler 
has given way to the tubular or cylindri- 
cal, with tubular furnaces and flues run- 
ning through and within it. The Corn- 
ish, the Lancashire, the Galloway, and ma- 
rine boilers are all constructed after this 
fashion; and the greatest efforts of our 
ablest engineers have been directed, not 
in vain, to construct a boiler strong to 
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resist, streng to drive, and strong to|ation—no affectation of word-painting on 
meet the cry for more power. my part, to picture to your minds the 
But, from the moment one of these | greater suffering, unrecorded, of muti- 
structures is mounted into its position, in- | lated men and women, of bereaved fami- 
sidious foes are working, which, sooner | lies, and homes made desolate. 
or later, will compass its destruction;| If some of these terrible disasters can 
and among the foremost of these must be| be traced to their cause, and a remedy 
placed corrosion and incrustation, or |found—if life can be saved—as I am fully 
scale. These, while constantly reducing | convinced it can be, this paper will not 
the strength of the boiler, appear to be| have been read in vain. Such is the hu- 
the most common cause of explosion. manitarian side of the question ; but the 
The Boiler Explosions Act came into|loss of property, arising from decay, is 
force on the 12th July, 1882, and from {not indicated by the number of explo- 
that time to November 1883, fifty-seven | sions, and is far in excess of that which is 
explosions had been reported to the/thus suddenly occasioned. Every steam 
Board of Trade. This Act, however,|user knows the heavy annual outlay ne- 
has only a limited scope, and does not ap- | cessitated by rapid deterioration of boiler 
ply to steamships having certificates from | plates and tubes, the amount of fuel 
the Board of Trade, nor to H. M. ships, | wasted by reason of scale encrusting the 
&c., nor to boiler explosions on railways, | interior, the injury it inflicts on the boil- 
nor to those investigated under the Mines} er, and the labor and expense of chip- 
Regulation Act of 1872. The total num-/| ping it out with the scaling hammer. 
ber of deaths resulting from these partic-| Mr. Robert Wilson, in his valuable 
ular catastrophes was thirty-nine, and in | “Treatise on Steam Boilers,” says : 
addition, forty-six persons were injured.| “Asa rule, steam boilers explode from 
Such fatal explosions—happily rare—as | one cause alone—over pressure of steam.” 
that on board the Royal mail steamer | “It often happens,” he says, “that boil- 
Severn, last November, by which nine|ers are too weak for the pressure they 
persons lost their lives, are excluded|are worked at, and no accumulation of 
from this return. pressure beyond this is requisite to bring 
Mr. Gray, in his report to the Presi-|about their destruction.” 
dent on the explosions occurring in the| A boiler may be unfit to bear its work- 
twelve months ending July, 1883, states|ing pressure from four causes, which he 
that, enumerates: (1.) Its original design and 
“The prevailing cause of explosion is; strength not being understood by those 
the unsafe condition of the boilers| who fix the pressure; (2), the strength 
through age, corrosion, wasting, &c.; and | although originally sufficient, having been 
[he adds] a noticeable feature in many| gradually reduced by wear and tear; (3), 
cases is the absence of any effort on the|by a sudden overtaxing as by unequal 
part of the steam user to ascertain the| contraction; (4), by bad workmanship or 
condition of the boiler, and, consequent- | material. 
ly, of any attempt to repair defective} I propose toconfine my remarks to the 
plates or fittings.” second of these causes, and to inquire 
The report of the Registrar-General | whether the aggregate of casualties which 
for 1881, for England and Wales alone, | are attributable to wear and tear cannot 
shows that the total number of deaths in| be reduced, and whether a remedy can- 
that year, directly attributed to boiler|not be found for the weakening of the 
explosions, was 51; but, besides these,| various parts of the boiler by corrosion 
no fewer than 652 persons were killed by | and “ pitting,” and by the over heating of 
scalding in various and unstated ways;|furnace plates and tubes, consequent 
and though it cannot be stated as a fact,/ upon the formation of lime scale upon 
it is fair to assume that at least a pro-| them. 
portion of these deaths by scalding, from! Internal corrosion is a trouble from 
ungiven causes, arose from boiler explo-| which few boilers entirely escape; but 
sions. These, it must be remembered, | marine boilers are the greater sufferers. 
are the bare official returns of the killed. | Land boilers are subject also to very se- 
Add to them only an equal number of|rious and often rapid decay from external 
wounded, and it needs no vivid imagin- |corrosion, but I do not propose to make: 
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more than a passing remark on external 
decay. The principal causes arise from 
undue exposure to the weather, unscien- 
tific mounting on possibly damp brick- 
work, leakage consequent upon faults of 
construction, or negligent management 
on the part of the engineer in charge. 
These sources of corrosion are common- 
ly known, and the measures necessary 
to prevent them are now well under- 
stood; although it must be admitted 
they have been often culpably neglected. 

Internal corrosion may be divided 
into ordinary corroding (or rusting) and 
pitting. 

Ordinary corrosion is sometimes uni- 
form through a large part of the boiler, 
but it is often found in isolated patches, 
which have been difficult to account 
for. 

Pitting, which is still more capricious 
in the location of its attack, may be de- 
scribed as a series of small holes often run- 
ning into each other, in lines and patches, 
eaten into the surface of the iron to a 
depth sometimes reaching a } of an inch. 
Pitting is the more dangerous form of 
corrosion, and the peril is increased 
when its ravages are hidden beneath a 
coating of scale or fur which may have 
gathered over it. For without great 
watchfulness this insidious canker may 
go on unsuspected until a catastrophe re- 
veals it. 

Ordinary corrosion has been commonly 
accounted for by the presence of acids in 
the water, but the mysterious ways of 
pitting have been an enigma to engi- 
neers; and although a variety of theo- 
ries have been advanced to explain its ca- 
pricious and peculiar methods, none 
were conclusive until recent scientific in- 
vestigation discovered the true agency. 

It was long suspected that galvanic ac- 
tion, or electricity in some form, had to 
do with both corrosion and pitting. One 
theory was that voltaic action was set up 
between the iron shell and brass tubes, 
and another that differences in the qual- 
ity of the iron plates produced the 
same result. Experiments were made, 
from time to time, to test these hy- 


‘potheses, but they seem to have ended, 


for the most part, in the conclusion that 
electricity was inoperative either as a 
cause or a cure. Considered as a cure, 
it was set aside by some eminent engi- 
neers as mere empiricism; but most 





thoughtful men admitted that the action 
of electricity, if it really existed, was not 
understood. New light has since been 
thrown upon the subject, and altered 
views now prevail; but I will not antici- 
pate. 

There is another form of decay in 
boilers, known as grooving. This also 
comes under the head of wear and tear. 
It may be popularly described as a kind 
of surface cracking of the iron, caused 
by its expansion and contraction under 
the influence of differing temperatures. 
It is attributable generally to the too 
great rigidity of the part of the boiler af- 
fected, and it may be looked upon as 
resulting from faults of construction. 
It is, therefore, outside the scope of this 
paper, except in so far as it may be, and 
frequently is, aggravated by internal cor- 
rosion, which fastens upon the cracks and 
eats them more deeply into the iron. 

The hard calcareous scale which is de- 
posited by the water on the internal sur- 
faces of the boiler may be taken roughly 
as identical with the fur which forms on 
the inside of a tea-kettle. It is composed 
chiefly of salts of lime, and is known by 
many names in different districts. I 
have collected a few specimens for in- 
spection, recently taken from both land 
and marine boilers, which will give a 
more definite idea to what it really is. 
(Specimens produced.) On the whole, it 
is perhaps a greater enemy than internal 
corrosion, especially in land boilers, as it 
brings in its train so many destructive 
agencies, and involves so many expenses. 
As of fire it may be said that it is a 
good servant but a bad master—for a 
thin covering of about the substance of 
a coat of paint is found to protect the 
iron from rust, and is therefore favored 
by all engineers. 

Beyond this point, however, it is an 
unmitigated evil. In the first place, it 
necessitates a great waste of fuel, vary- 
ing according to the thickness and char- 
acter of the incrustation; but the waste 
of coal may be fairly put down at an 
average proportion of not less than 100 
per cent. The reason is this, that scale 
is a very efficient non-conductor of heat, 
and when it is interposed between the 
furnace and the water the latter is un- 
able to take up the heat, which, by con- 
sequence, goes away unused up the flues. 
Then again the iron, or other metal, of 
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the furnace and tubes, being no longer|/a mass upon the furnace plates, it may 
protected by contact with the water, be-| prevent the steam from rising, and thus 
comes red hot, and is burnt and twisted, | the water being lifted on the top of the 
to the imminent danger of the boiler, | | deposit by the steam held beneath it, the 
while a heavy expense is incurred for re- | furnace is left without protection, and is 
newing the plates and tubes so affected. | liable to be over-heated, and to collapse 
When the scale is thick and hard, the| by the pressure of the steam. 
proper examination of the parts beneath | However, these particular dangers may 
it is impossible until it has been entirely | | be averted, as already indicated, by due 
removed. Indeed, if it were not removed, | care, without which no scientific appli- 
the boiler would become unworkable.|ance is of any avail; and touching this 
Seale, therefore, being so great a foe, has | | point, I may quote Mr. Michael Reynolds, 
to be periodically chipped with hammer | | the author of several excellent engineer- 
and chisel ; and the process of chipping | ing works. After inculcating care in 
is so severe that it tends very greatly to| various ways, he says, in his practical and 
wear out the boiler. The cost of chip- |significant style: “Any boiler can be 
ping is in itself a heavy item; and it| madesensitive and hard to manage. Fire 
should be borne in mind that a factory | it on no system, feed it with water just 
boiler must, during the process, perhaps /as the lead plug is in danger, and fill it 
every six or eight weeks, be put out of | to the whistle; and your boiler will one 
work for several days at a time. | day give a big kick.” Many a big kick, 
Scale will stop the feed pipe, which | it may be added, has been occasioned by 
supplies water to the boiler; or harden-| want of or dinary attention to well-known 
ing over the fusible plug in the furnace | rules. 
crown, which is intended to melt and give} The difficult problems that corrosion 
warning when the water is dangerously | and scale have presented to engineers 
low, will nullify this precaution ; and it | and chemists are evinced in the number 
has thus caused both collapse and explo-|of patents that have been taken out for 
sion. chemical compounds to solve them. 
To dwell on the nature and detail of Hundreds of these compositions have 
all the various deposits that afflict steam | been put into the market, and the num- 
boilers would occupy too much time, and | ber is still increasing; a proof, perhaps, 
it is not necessary for my purpose; but, | that no panacea has been discovered ; al- 
concerning carbonate of lime, which is | though many preparations are still in use 
often a source of danger, I must offer | by different engineers. These compounds 
here a few remarks. | have in truth become so numerous, that 
This is deposited as a pulverent} body ; | every new one is looked upon as another 
and under certain conditions, chiefly of | | nostrum, and perhaps by the majority of 
neglect on the part of the engineer in| |interested persons it is not credited even 
charge, will form a hard scale similar to | with the virtues it may really possess. 
that we have been considering, but by| The chemical laboratory has been ran- 
proper attention a great deal of it may be | | sacked in vain for an absorbent of oxygen 
got rid of by blowing down, or emptying | that will stop corrosion, or an alkali that 
the boiler to the extent of a few inches|can be applied without ‘the risk of caus- 
day by day, by the scum cock, while it | |ing priming. 
floats near the surface, or by the blow-off | | With regard to the inutility of boiler 
cock when it has settled at the bottom.|compositions, I cannot do better than 
If, however, this floury deposit is allowed | quote Mr. Hannay of Glasgow, of 
to accumulate, and thicken the water, it| whose invention I shall have to speak 
will produce priming, which may be de-| later on : 
scribed as “boiling over,” the same proc-| “Boiler composition [he says] can be 
ess which is apt to take place in boiling | classified under two distant heads. First, 
a saucepan of milk, or of water thickened | there are compounds of the nature of 
with flour. The water is driven with the | precipitants, which are intended to render 
steam into the machinery, and may | the incrusting material pulverent instead 
knock off the cover of a cylinder, or blow | of coherent. But these do not at all 
out the bottom of it. The second great | prevent corrosion, and the best com- 
danger which it involves is, that lying in | | pounds only partially prevent incrusta- 
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tion. The second class, called solvents, | which, after careful trial, he had adopted 
are chiefly ammonia salts, which form|a compound which was strongly recom- 
soluble double salts with lime, and so mended. It was used in the boiler of a 
prevent incrustation. They are, how-|ship on a voyage to America, and it 
ever, very dangerous, as they dissociate answered its purpose admirably ; but, on 
under high-pressure steam, and act/ the return voyage, the engineer in charge 
rapidly on iron, thus increasing the cor-| put too much of the fluid into the boiler, 
rosion. Besides, in marine boilers, under | and the feed-pipe was consequently stop- 
great pressure, the presence of even a|ped. The openings into the water 
minute quantity of ammonia salt causes| gauges being also stopped, they con- 
violent ‘ priming,’ that is, sudden ebulli-| tinued to indicate a sufficiency of water 
tion, driving the water of the boiler over | until it had fallen to the level of the fur- 
into the cylinders of the engine, and | nace crowns. The consequence was, the 
sometimes causing the fracture of the| furnaces burned and collapsed, and the 
cylinder or piston rod. Experiments) ship was seriously disabled on the high 
were made with nearly every possible | seas. 
form of chemical boiler composition, and| Some compounds cure one part of the 
they were all found wanting.” evil, and do not touch others, while 
If further condemnation is required, it some again are extremely dangerous 
will be found in a report of Mr. Laving- to use in a boiler under steam pressure. 
ton Fletcher, of the Manchester Steam| Among the many inquiries directed 
Users Association, an engineer of ac-| upon the general subject, some of the 
knowledged and leading authority in| most exhaustive and minute have been 
such matters. He is reported as say- those instituted by the Admiralty, ex- 
ing: tending from 1874 to 1880. They were 
"The number of anti-incrustation com-| carried out by committees appointed to 
positions was very numerous. Their inquire into the causes of decay in the 
component parts were veiled in mystery. | boilers of H. M. ships. The committees 
Many of them proved injurious to the were invested with very abundant powers, 
boilers on actual trial. Some lined the | and were directed to propose measures 
plates with a glutinous coating which,| tending to increase the durability of 
while it had the desired effect of keeping | boilers. 
off the scale, unfortunately at the same! The results of their labors are con- 
time kept off the water, in consequence tained in very able reports, full of valu- 
of which the furnace crowns became ableinformation and practical suggestion ; 
over-heated, strained, and bulged out of| but for the purpose of the present in- 
shape. The members, therefore, were | quiry, they may be briefly summarized as 
warned not to adopt any of these boiler | follows : 
compositions without the greatest cau-| 1. With regard to a prevailing belief 
tion. As the incrustation compositions ‘that the presence of particles of copper 
were costly, blowing out was too often |in a boiler was a source of injury, they 
given up when they were used. The state, first, that the quantity carried into 
practice of neglecting blowing out was | the boiler is extremely small ; and, second, 
strongly objected to, and an explosion | that no injurious effect of importance can 
that occurred at Bury from that cause | be produced by it. 
was referred to as an illustration.” 2. That fatty acids resulting from the 
Mr. J. A. Rowe, an able engineer and | use of vegetable and animal oils for lubri- 
officer of the Board of Trade, observes|cation were a source of injury, and 
with regard to compositions, that some | they recommend the use of mineral oils. 
of them may be useful to prevent the| 3. Moist air, or water containing air, 
formation of hard deposit, but the “ob-|are powerful corrosive agents. They 
jection to the very best of them is that|recommend increased density in the 
their acids tend to injure the boiler. . .| water, especially in boilers fed from 
The majority of them have passed into|surface condensers, and that the boiler 
oblivion, and those that survive seem|should be emptied as seldom as pos- 
doomed.” sible. 
The superintendent engineer of a Bris-| The main conclusion, however, at which 
tol company told me of an instance in! the committee arrived—the great prin- 
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ciple that they asserted and demonstrated la slight corrosion forming under the 
—was that galvanic action, induced by | scale might enable it to be separated more 
the contact of zine with the iron of the| readily from the iron. 
boiler, was the best and only trustworthy | Under the Admiralty system, then, it 
remedy for corrosion; and that, so long|must be presumed that the bad effects 
as the metallic contact was maintained, | arising from scale, such as the burning of 
little or no corrosion would go on. | the iron, the waste of coal, and the injury 
They adopted a plan of hanging slabs | caused by severe chipping, are still a 
or plates of zine by iron straps. from the | source of trouble and expense ; and such 
stays or rods within the boiler, the zinc|I believe is the case. I have before me 
being held in a clip in which it was tight-|a specimen of the scale which formed in 
ly bolted. The theory was perfect, but| two months in one of H. M. steam ves- 
the weak point in practice was found to|sels. It was recently taken froma boiler 
be in keeping up electric contact between | treated on the Admiralty method, and 
the two metals. The zinc and the iron| considered to be in very good order. 
not being metallically connected, but only| The committee’s report attributed this 
mechanically pressed together, were li-| hard scale to the action of the excessive 
able to be so far separated—by the cor-| quantity of zinc which was found neces- 
roding of the surface of the zinc—that|sary for protection when used in the 
the galvanic current was soon weakened | form of slabs or plates. This, however, 
and destroyed. |is now shown to have been an erroneous 
The committee endeavored to circum-/| conclusion, the real cause being that the 
vent this difficulty, first, by fixing in | galvanic current set up under the Admi- 
each boiler an excessive number of plates, | |ralty system has not sufficient intensity. I 
so that (apparently) if electric contact| hope to explain this point a little more 
should cease even in many plates, it | fully later on. 
might chance to be maintained in some;| Now, having pointed out where the 
and, secondly, they directed a frequent | | Admiralty method fails, I must give 
examination with a view of renewing the | credit to the inventor, per contra, for the 
contact, and putting in fresh plates in| ‘large amount of success it has, neverthe- 
lieu of those destroyed by corrosion. | ‘less, achieved. Experience teaches us 
This system was the best they were | that few inventions cannot be improved 
able to arrive at, but it could be maintained | ‘upon, and Mr. Weston himself, of whom 
only at such a cost that, to use the words|I am about to speak, would be the last 
of the report: “The expense of the zinc|to claim perfection for his particular 
necessary for efficient protection is un-| plan of protecting boilers by means of 
doubtedly an important element in deter- | | zine, 
mining how far it should be adopted. »| Mr. William Weston is the Admiralty 
For besides the expense of fitting, exam-| chemist at Portsmouth, and was a mem- 
ining, and renewing the excessive num- ‘ber of the Boiler Committee, whose col- 
ber of plates already referred to, the com-| lective labors are worthy of all praise. 
mittee go on to say that “the actual|It is due to him, however, to state that 
waste of zinc is much greater than that! the system of protection finally adopted 
due to the protection of the boiler; and in the British navy was initiated and 
it becomes important to ascertain whether | worked out by him, with indefatigable 
that waste cannot be avoided.” | pains and assiduity ; and that his meth- 
With great care, however, this system|od, whatever may be its shortcomings 
was found to prevail against the inroads; when viewed in the light of later dis- 
of corrosion; and herein was a distinct | covery, has worked so well that near 
advance, although it still left the ques- | half-a-million of money must have been 
tion of incrustation by lime-scale com-| saved to the navy and the British tax- 
paratively untouched. Indeed, itis stated | payer since its introduction. 
that the scale which formed in some of| Before the application of the galvanic 
the boilers in which slabs or plates were | principle, it was not an uncommon oc- 
used became “ harder and more adherent,” | currence for the boilers of H. M. ships to 
and it was therefore suggested that the be worn out in one commission, or, at 
zine should be periodically removed al- least, to become so unsafe to render their 
together, for a limited time, in order that | renewal necessary; and, as a case in 
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point, I may mention the Bellerophon, | for fixing the plates in boilers, the plan 
whose boilers had to be renewed, after| patented by Mr. Phillips (formerly a 
serving only one commission of three or|member of the Admiralty Committee), 
four years, at a cost of some £30,000. was considered one of the best. It con- 
A man who serves the Queen is con-| sists in attaching a plate of zinc to astud 
tent to do his duty, and must often do|or peg, 3 or 4 inches long, projecting 
so without being singled out for praise | from the shell of the boiler, the plate be- 
or reward even for special services ; but|ing screwed on tightly by a nut, to en- 
in this paper I am at liberty to mention| sure close contact with the iron. This 
the name of Mr. Weston with honor, and | system, however, is liable to failure, like 
to claim for him the personal credit which | all other modes of mere mechanical at- 
is his just due. | tachment, as I shall be able to show; and 
The mercantile marine has in a great|the only means whereby it can be made 
measure followed in the wake of the navy; | at all successful is by introducing an ex- 
and zinc is now very largely employed in | cessive number of plates, at great ex- 
the fleets of all the large companies.| pense, and by constantly examining, 
Every possible method of fixing it in the | cleaning, and renewing them. I have 
boilers has been adopted, with more or | known as many as thirty-eight plates 
less success. Engineers who under-| fixed in each of six boilers in one ship on 
stood the principle of its action in form-| this system, and as many as fifty-six in 
ing with the iron a galvanic battery, have | one boiler of a ship of war on the Admi- 
sought to secure metallic connection by | ralty system. 
many mechanical devices, while others,; Now, it often happens that when one 
convinced of its efficacy, but not under-| mind is moved to investigate in a partic- 
standing its methods, have even thrown | lar direction, another, at a distance, is 
it loose into the boilers, to waste and} working to the same end; and men un- 








crumble away to no purpose. 

Zine, indeed, had long been used with 
the object of depositing any minute par- 
ticles of copper that might find their way 
into the boiler. It was useless for this 
purpose, as the Admiralty inquiry fully 
proved; but wherever it happened to be 
connected with the iron, it became pro- 
tective, by setting up electric action, 
which would continue for a short time, 
until oxidization of the zinc had broken 
the electric contact. 

A superintendent engineer who was 
using zinc in his boilers, fixed to the iron, 


told me he did not believe in the galvanic | 
theory, while in practice he was profiting | 


by it; and when I pointed out this fact, 


and asked him to explain on what other | 


principle the zinc could be protective, he 
was unable to answer me. 

Another engineer to an important com- 
pany told me he had a theory of his own, 
that what was called corrosion and pit- 
ting was nothing of the kind, but was 
solely the result of friction from the cir- 
culation of water in the boiler. On the 
other hand, the majority of superintend- 
ent engineers who have some knowledge 
of electricity and chemistry, are quick to 


appreciate the truth of the now ascer- | 
tained cause, and the scientific remedy. 
Among the numerous methods adopted 


| known to each other are working out the 
|same problem, and arriving at similar 
‘conclusions. So it was in the applica- 
| tion of zine to steam boilers. While Mr. 
| Weston was working up, step by step, to 

his present system, Mr. Hannay, of Glas- 
| gow, an electrician and chemist, alone in 
|his laboratory, or watching experiments 
|in steam factory or sea-going ships, was 
| building up fact upon fact, and coming 
| about the same time to the same conclu- 
‘sion in principle. In the application of 
that principle he made an important ad- 
| vance on other methods. 

I will endeavor, as briefly as possible, 
to narrate his proceedings, and describe 
his invention. The investigation was 
commenced for the Allan Line of steam- 
ers, from Glasgow, at the request of 
Messrs. Allan Brothers, who, like all 
owners of steam power, were deeply in- 
terested in the boiler question. 

The common theory held at that time 
was that free oxygen and carbonic acid in 
the water were the active causes of corro- 
sion, and Mr. Hannay’s first experiments 
were directed to absorb the oxygen by the 
| ordinary methods known to chemists, with 
'the result. however, thet corrosion con- 
‘tinued. When an alkali was added to 
‘absorb the carbonic acid, priming was 
| caused to such an extent as to be danger- 
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ous to the safety of the machinery. He / way to prevent this corrosion was by mak- 
may be said to have exhausted chemistry |ing the iron all negative by a current 


in his endeavor to find a means of stop- 
ping the decay; but, although he suc- 
ceeded in removing every trace of free 
oxygen and carbonic acid, the corrosion 
still continued after six months of patient 
trial. He concluded, therefore,’ that, 
while free oxygen and carbonic acid 
might help to corrode the boilers, they 
were certainly not the chief causes. 

It next occurred to him that certain 


parts of the boiler more highly heated | 


might, for reasons familiar to science, 
have their surfaces so altered as to cause 
them to become electro-negative to the 
colder parts. ‘This view was particularly | 
impressed upon him from the fact that 
corrosion so often took place along cer- | 


stronger than that set up in the iron it- 
self by differences in temperature. The 
current was estimated and found to be 
very small ; a weak battery was fitted up, 
and the positive electrode, or wire, passed 
into the water of the boiler, the negative 
electrode being soldered to the outside of 
| the boiler. 

After six months’ trial with this ar- 
rangement, it was found that corrosion 
had entirely ceased. 

Two important facts, therefore, were 
now made clear; natural electric cur- 
rents, so to speak, caused corosion, and a 
| stronger artificial current could be made 
| to cure it. 

The experimental boiler was then 





tain well detined lines, as, for instance, again tried with the same arrangement 
along the sides of the fire tube. Some-/as before, but it was first filled with di- 
times the corrosion was so deep that|lute acid. The current was kept going 
there was reason to apprehend collapse |for three months, when it was found 
of the furnace. The cold blast going to|that the interior of the boiler was still 
feed the fire kept the part where the cor- | quite free from corrosion, the acid having 


rosion was quite cool, while the flames | 


kept the top very hot. 

Starting, then, from these facts, he de- | 
duced the theory that thermo-electric 
currents were set up between the colder 
and hotter parts of the boiler, and that | 
the colder part, forming the positive pole, | 
corroded by the natural law of galvanic 
action. 

To test this theory, experiments were 
made with a boiler specially constructed | 
to allow it to be heated in sections, and | 
to stand a pressure of 200 Ibs. to the 
square inch. Two iron plates were fixed 
in the boiler, one near the top, and the 
other near the bottom, and both were 
connected with a galvanometer, so that a 
current of electricity passing from one 
plate to the other could be detected and 
measured. The boiler was heated alter- 
nately more strongly at the top or the 
bottom, with the constant result that 
whenever the temperature rose above the 


been powerless to injure it. 

The actual natural current between the 
metals being so very small, it was thought 
that, instead of a battery a simple gal- 
‘vanic couple, formed by a mass of zinc 
within the boiler, properly connected 
with the iron, might be sufficient to over- 
‘come it. 

Now, the theory of zine in contact with 
‘iron preventing corrosion may be illus- 
‘trated thus: 

Take two pieces of metal, one of zine 
and one of iron, and immerse them in a 

|solution of water diluted with acid, both 
will suffer from corrosion ; but connect 
them with a wire, and you make them at 
once into a galvanic couple. A current 
of electricity is set up between them—the 
corrosion is directed entirely upon the 
zine, which crumbles away, while the iron 
is no longer injured. The zinc is the 
positive, and the iron the negative pole. 
Now you have only to continue the plate 





boiling point, as in a steam-boiler, the | of iron till it extends all round the zinc 
cooler plate became positive, and wasted | and encloses it, and you huve a perfect 
away. Thus the theory was lifted into| illustration of the manner in which an 


the region of ascertained fact. 

Attempts were made to keep the boil- 
ers in actual use more uniformly heated, | 
but if corrosion were stopped in some 
places, it was sure to break out in 
others. , 

It appeared, therefore, that the only 


iron boiler, enclosing a block or mass of 
| zine, is made as a whole into the negative 
pole of a galvanic couple, and is thence- 
| forward absolutely protected from corro- 
|sion. It will also become evident that if 
the connecting wire be broken, or the 


{eontact between the zinc and the iron 
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made imperfect by the intervention of through when the boiler was again 
any foreign matter, the galvanic current opened. 
will cease, and the iron of the boiler will) By this and other experiments it was 
corrode as well as the zinc—just as the proved that no mere mechanical attach- 
two pieces of metal were seen to corrode ment of the zine will suffice to insure 
before they were joined by a wire. continued maintenance of the galvanic 
The theory, then, of the protection of current, because, no matter how closely 
iron by contact with a more electro-posi-| the zinc is fitted to the stud, or bolted to 
tive metal being unassailable, and experi- | the iron, the water creeps in between and 
ment corroborating it, inquiry was next soon destroys the metallic contact. 
instituted to discover the cause of failure! It was also found that the use of plates. 
in zine as ordinarily employed. was faulty. If they are cast, they split 
It was found that, as zinc had been | up and fall to pieces in a few days, and 
previously used, no proper arrangements | if rolled, they are only about a quarter 
were made for ensuring a true and last-|of an inch in thickness, and they soon 
ing metallic contact. To show how this) | dissolve away. 
fact was demonstrated, and at what pains| To meet the various defects in the use 
it was ascertained, a narration of one of of zinc plates, Mr. Hannay designed a 
the numerous experiments made will be, ball of zinc, with a copper conductor 
interesting: A boiler was fitted with | cast through the center of it, the copper 
rolled zinc plates attached to studs, on | being so combined and amalgamated with 
Mr. Phillip’s principle, as previously de-| the zinc at the junction of the two metals. 
scribed. Every precaution was used to|as to form brass, and thus no corrosion 
give perfect metallic contact. The stud | could form between them to stop the gal- 
was filed bright and made slightly coni- | vanic current. The zinc is well ham- 
cal, the hole in the zine plate made to fit | mered at a certain temperature, insuring 
tightly, and the nut on the stud screwed | long existence in an efficient condition. 
home so as to drive the plate into| This ball of zinc is called an “electro- 
thorough contact with the clean iron. An | gen”; it is fitted in any convenient part 
insulated wire was fixed to the plate, and of the boiler by a simple device, and a 
led, through a stuffing box packed with|wire from each end of the copper con- 
india-rubber. Another wire was soldered | ductor is soldered firmly to the iron. 
to the outside of the stud. Whena small | From this moment the electrogen keeps 
battery and a galvanometer were put in|up an uninterrupted galvanic current, 
circuit, the current passed from the zinc|and the whole of the interior of the 
to the stud, and so round again to the) boiler is absolutely protected from cor- 
battery, proving that the contact was | rosion so long as any of the zinc re- 
perfect: There were six plates put in on | mains. 
trial altogether, and the result was that,| It was ascertained, by further experi- 
after three days’ boiling, two of the plates | ments, that a very smail surface of zine 
had become metallically disconnected from | was sufficient to afford protection for a 
i no current could | radius of twenty-five feet from the point 
pass through the circuit. After five days, | of contact, and the spherical form of the 
another plate became useless, owing to the | zinc was adopted because it would main- 
same cause. At the end of twelve days, |tain perfect protection with a minimum 
only one plate was in electrical contact |of waste, the large surface exposed by 
with the boiler. The boiler was opened | plates, in proportion to their bulk, being 
after thirteen days’ steaming, and it was quite unnecessary. Herein, therefore, 
found that none of the plates were really was the means of avoiding that waste 
used up, but that a layer of oxide of zinc | which the Admiralty Committee stated 
had formed between the plate and the | was “much greater than that due to the 
stud, and the zinc was thus rendered | protection of the boiler,” and for which 
useless. It must be remembered that | they sought a remedy. 
these six plates were all specially fitted,| Two electrogens are found in practice 
sufficient to protect an ordinary “ single- 
if anything could. The sixth plate was| ended” marine boiler, in which, by some 
sent away with the ship again, but only | engineers, forty or fifty plates would have 
remained active two days. It was eaten! been considered necessary. The electro- 
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gens will last for about six months, while | mately prevents the passage of the cur- 
the plates would probably corrode away | rent altogether. 
in as many weeks. When resistance is prevented, and the 
The advantages that Mr. Hannay | full intensity of the current is allowed to 
claims for his system, as compared with | pass from the zine to the iron, and back 
any employment of zine plates, are that| through the water, hydrogen is slowly 
it is less expensive and more effectual, | accumulated at the iron surface, yielding 
and that the protection it affords does| protection from corrosion, and, at the 
not depend upon a chance contact that|Same time, loosening and throwing off 
may be destroyed at any moment. But the scale. ; : 
a further gain, perhaps even greater than| The value of any discovery that will 
these, is that it does not allow scale to| prevent the formation of hard scale in 
form in a boiler at any time to a much|/and boilers can scarcely be over-rated. 
greater thickness than that of an egg| These boilers in which fresh water is 
shell, or a coat of paint. used do not suffer so much from inter- 
The zine ball, with its perfect contact, nal Sees b but < calcareous scale 
generates a current of greater intensity which forms in them ble. been always a 
than zine plates mechanically fitted, and great source of trouble. Compositions 
the consequence is that a portion of the have failed, and zine plates are ineffect- 
water is slowly decomposed, and the hy- ual to remove it. 
drogen that is evolved at the negative The electrogen, however, seems to have 
pole, all over the surface of the iron and solved the problem; and, to make it suf- 
underneath the scale, forces off the scale ficiently active im fr esh water, the home- 
in thin flakes by mechanical action, as opathic principle is applied of similia 
soon as it becomes thick enough to be| s#élibus curantur. A small quantity of 
impervious to the hydrogen. Tn thin way salt, which is the active corrosive agent 
the scale is kept forming and reforming, |2 Sea water, is made, not only to cure 


hanging in loose flakes, or falling off as the disease of corrosion which it actu- 
it becomes detached from the iron. ates, but to stimulate an electric current 


: <a which entirely disposes of incrustation. 
Thus, all the evils attending incrusta-| go. water contains on an average 32 


tion, ae a —- — to 38 parts of salt in 1,000. Mr. Han- 
are avoided. Fue ad po y eee of nay’s homeopathic dose is a-half an ounce 
the iron is prevented, and chipping be- to a gallon, or 4 parts to 1,000; and, 
comes no longer necessary. as no proportion less than 8 times this 
The reason why scale becomes more| amount has any effect on iron, no harm 
hard and coherent under the zine-plate| can be done to the boiler, even if it were 
method as used in the navy, is that/ not protected bythe zinc. Into brewers’ 
while the galvanic current sets up acts in| « tanks ” and other boilers, the water from 
retarding corrosion, it has not sufficient which is used for manufacturing purposes, 
intensity to decompose the water and de-| salt, of course, cannot be admitted ; but 
posit a layer of hydrogen on the iron ; 80 | this difficulty is overcome by a simple de- 
the scale grows on a firm surface, and| vice, by which the salt is kept separate 
is not pushed off by gas evolved beneath | from the body of the water. 
it. Land boilers, in many districts, would 
When zine is merely pressed against | become quite unworkable through the ac- 
iron, the two metals really touch each | eumalation of scale, if it were not 
other at minute points only, and thus|chipped off every five, six, or eight 
great resistance is introduced. Resist-| weeks—of course at considerable expense 
ance in this case means that the current | —the boiler lying idle during the process. 
is destroyed to a certain extent as elec-| With electrogens it has been proved that 
tricity, and converted into heat; just as | boilers will work more than twice the 
the resistance of the break destroys the | usual time without any necessity for 





motion of a train and converts it into|opening them, and that then the loose 
heat. Then the water creeping in be-| flakes of scale may be cleared out in a 
tween the two metals, and forming anon-| short time with a hose and a broom. 
conducting oxide between the two sur-}| Meantime, no thick scale being allowed 
faces, increases the resistance, and ulti- to form, it becomes perfectly harmless , 
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the coal consumed does its full work, 

and steam is made more freely. 
Engineers who have witnessed the re- 

sults in several recent trials, have stated 


their opinion that the discovery will revo- | 


lutionize the treatment of land boilers. 

In conclusion, a further and valuable 
addition has been made to the marvelous 
applications of electricity, which have 
pre-eminently distinguished the last de- 
cade of scientific discovery. 

But there is no finality in human in- 
vention. 


before another decade has run its course, 
electricity or atmospheric power will have 
superseded steam, and the huge iron 
boiler of to-day will be looked upon as 
the clumsy expedient of an ignorant gen- 
eration, 

Till then, while the evils we have been 
considering exist, and are potent for the 
destruction of life and property, inquiry 
into their nature and origin is both de- 
sirable and necessary, and time will not 
have been wasted in seeking to discover 
the most effectual remedies. 


———_ego—_—___—_ 
REPORTS OF ENGINEERING SOCIETIES. 


MERIOAN Soorrery oF Crvit ENGINEERs, 
May 7, 1884.—Vice-President Wm. H. 
Paine in the chair—John Bogart, Secretary. 

Ballots were canvassed, and the following 
candidates were elected : 

As members—Willis D. Chapman, Akron, 
Ohio; John E. Cheney, Boston, Mass. ; 
Arthur DeW. Foote, New York City; George 
8, Gatchell, Buffalo, N. Y.; Henry L. Marin- 
din, Boston, Mass.; Evelyn P. Roberts, Fort 
Hamilton, New York Harbor, N. Y.; Jesse W. 
Walker, Pittsburgh, Pa. 

As juniors—Henry Goldmark, New) York 
City ; Samuel C. Weiskopf, Milwaukee, Wis. ; 
Herbert A. Young, Toledo, Ohio. 

As honorary member—Gen. John Newton, 
Chief of Engineers U. 8. A., Washington, 


‘A paper by James Christie, M. Am. Society, 
. E., on “The Strength and Elasticity of 


Structural Steel, and its Efficiency in the form | 


of Beams and Struts,” was read by the author. 
He said that the various grades of steel possess 
such a range of physical properties, that it is 
impossible to consider the metal as one might 
treat of iron. 

It is customary to denominate the grades of 
steel by the percentage of carbon they contain. 
The higher the carbon, the higher the tenacity 
of the steel and the lower its ductility. Steel 


More light will dawn, and with | 
it new marvels will arise. It may be that, | 





and hard; both being products of the Bessemer 

| convertor, the hard steel having thirty-six hun- 
| dredths per cent. of carbon, and the mild steel 
| twelve hundredths per cent. The tensile tests 
were made on strips about 24 inches long to 
which were clamped plates exactly 12 inches 
}apart. The compression tests were made on 
specimens 12 inches long inserted in a tube and 
the space between the specimens and the tube 
filled with fine sand. 

The tests on transverse resistance were made 
on bars of three or four inches diameter, and 
|on solid flanged beams from three to twelve 
inches deep, all being supported at the ends 
and loaded in the middle. 

Extended tables were then presented of these 
various tests, and it was stated that the results 
showed that the elasticity of steel and iron is 
practically uniform; the steel may stretch less 
than the iron in tension, but the steel shortens 
most under compression. 

Transversely if there is any practical differ- 
ence the advantage of stiffness probably belongs 
| to steel, but the elasticity of both metals is so 
|close and uncertain that further experiments 
|may modify the average results here found. 
| The specimens show that the elastic limits for 
| tensile and compressive stress for the different 
| grades of steel are practically equal per unit of 
| section, and the transverse resistance is approx- 
| imately proportionate to the longitudinal resist- 
| ance, and that the strength of the material in- 
| dicated on tensile stress will serve as a compara- 
tive measure of the absolute strength of iron, 
or of either grade of steel; but as the trans- 
verse elasticity is practically alike beams of 
iron or of either grade of steel of the same 
length and section will defiect alike under 
equal loads below the elastic limit of iron. 

Tables were presented of experiments on flat- 
ended struts of both mild and hard steel. It 
was stated that the experiments on direct ten- 
sion and compression prove that the elastic 
limits of steel of any particular grade are prac- 
tically equal per unit of section for either direc- 
tion of stress. A similar equality is known to 
obtain with iron. Therefore, for the short 
struts in which failure results from the effects 
of direct compression, the tensile resistance of 
the material will serve as a comparative meas- 
ure of strut resistance. As struts increase in 
length the lateral stiffness becomes a factor of 
increasing importance. The transverse elastic- 
ity of steel and iron does not vary much. The 
tendency will be for struts of steel and iron to 
approach equality of resistance as the lengths 
are increased. Mild steel will fall to equality 
with iron when the ratio of length to least ra- 
| dius of gyration is about 200 to1. Hard steel 
| would fall to practical equality at the point be- 
| yond the bounds of practice. 
| This paper, and the paper previously pre- 
sented by Mr. Christie giving experiments on 
| the strength of wrought-iron struts, were then 
discussed. 

Mr. A. P. Boller expressed the opinion that 
the variations in the compressive resistance of 





whose carbon is below fifteen hundredths per | iron shown by these very careful experiments 
cent. is conventionally known as mild or soft| were so great that it was impracticable from 
steel. Thesteels subjected tothe tests described | them or from any other experiments, so far as 
in this paper were of two distinct grades—mild | had yet been made, to prepare a formula which 
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would ever give satisfactory results, and that | 


dependence must be placed upon experimental 
charts which will express extreme values for 
all sections progressively determined. 

Mr. Onward Bates considered that the ex- 
periments developed the great importance of 
placing the center line of pressure coincident 
with the center of the struts. If this could be 
done perfectly, a round-ended strut would be 
as good as a flat-ended one. In actual practice 
in the construction of bridges the methods of 
securing the ends of such struts are so various 
that it is impracticable to make from such ex- 
periments a table of safe loads. The only safe 
practice is that of low unit strains correspond- 
ing to the lowest results of recorded tests. 


Prof. E. A. Fuerkes considered that the areas | 


of cross sections should be obtained by direct 


measurement instead of deriving them from | 


the weight and length of the bars, particularly 
when the specific gravity of the material is not 
determined. The reason why an accurately- 
centered straight bar behaved as a flat-ended 


strut when hinged, is due to the friction de-| 
veloped by pressure on the bearing of the hinge, | 


and the early failure of flat-ended struts was 


probably due to the want of parallelism between | 


the planes at the extremities, or the one or both 
of these planes being warped surfaces. 
a bar, very long in proportion to its radius of 


gyration, fails with a comparatively light load | 
without permanent injury, it would seem proper | 
that such load should be gived a name other | 
than ultimate load, the latter being restricted to | 
| bridgein compression are the vertical posts, and 


its bearing on the elastic limit. . 
Mr. Theodore Cooper considered the experi- 


ments of Mr. Christie most valuable, particularly | 


in carrying out a complete series with different 
end connections upon the same class of ma- 
terials. 
in the direction of the lines of applied forces 
produce great changes in the results. By in- 
terchanging different sizes of ball and socket 


joints it shows the influence of the size upon | 


compressive resistance of the struts. It gives 
a more complete knowledge of the action of 
struts of high ratios of length to transverse di- 
mensions than before existed. The method of 
using the least radius of gyration, instead of 


the least dimension, gives a fair comparison be- | 


tween the various forms. Attention was called 
to the relation of the ball and sockets to the 
transverse dimensions of the struts, and dia- 
grams were presented by Mr. Cooper, showing 
the influence of the size of pins relative to the 
width of the struts. From the great effects of 
non-centering the line of applied force upon 
columns and of initial, though minute, bends 
in the materials, and the increased influence of 
possible side blows, it is very important not 
only to keep the working strains within proper 
limits, but also to specify a limit to the number 
of diameters to be used in all columns. In re- 
cent specifications this limit has been about at 
45 diameters, corresponding approximately to 
about 120 radii of gyration for the usual forms 
of bridge columns. With this proviso a practi- 


cal formula may be reduced to very simple 


forms. 
Mr. E. B. Dorsey presented some compara- 
tive tests of iron and steel. 


Since | 


The paper shows that slight changes | 


The subject was further discussed by Messrs. 
Bouscarew, Chas. E. Emery, Pegram, P. 
| Roberts, Jr., Towns and Christie. 


| gg mend CiuB oF PHILADELPHIA. — 
| 114 Regular Meeting, May 3.—Mr. 8. N. 
Stewart, Visitor, exhibited a model of his 
River or Current Motor. Paddles are placed 
upon cranks and maintained in a vertical po- 
sition by long floating vanes or tails. The 
cranks are placed upon posts, rafts or boats in 
the stream and journaled at the water-line, thus 
keeping one-half of the paddle surface in action, 
while the common floating-wheel or current- 
wheel only keeps one-tenth of its surface in ac- 
tion. In Mr. Stewart’s motor a 10 ft. arm carries 
apaddle 10 ft. high. For particulars concerning 
this engine, he refers to ‘‘Commercial Relations 
of the U. S8.,” 1881, p. 682, or New York Daily 
Tribune, June 21, 1881. Mr. Stewart said ‘‘ the 
only way to utilize the power of large rivers is 
by current-motors, for dams are not permitted 
and are too expensive; that a current of five 
miles an hour has one hundred times the pres- 
sure of wind atten miles an hour, and that, as. 
| the current soon regains its normal velocity, it 
can be used over and over ” 

Mr. Thomas M. Cleemann read a paper on 
an Economical Form of Bridge Truss. In out- 
line it resembles Whipple’s arch truss, inverted 
so as to bring the curved portion in tension, 
but differing from it in having the chord made 
to resist tension and being anchored to the 
abutments. In this way the only parts of the 


the extra material, required to stiffen the upper 
| chord in an ordinary bridge, is saved. To illus- 
|trate the correctness of his conclusions, Mr. 
Cleemann had a small model made of pink 
wrapping twine that broke with five and a half 
pounds, and with posts made of wooden knit- 
ting needles. This model, by calculation. 
ought to have borne about eleven pounds. Af- 
ter loading it with a pound weight at each of 
the seven panel points and letting it remain for 
a little time for the inspection of the members, 
he added first two more pounds at the centre, 
and afterwards two pounds more. With this 
eleven pounds the model hesitated a moment 
and then broke at each abutment, nicely illus- 
trating the author’s conclusions. He likewise 
gave the saving of material in such a bridge 
over a Pratt truss of five hundred and sixteen 
feet span, and pointed out its advantages for 
military purposes, where facility of transporta- 
tion is a prime object, and a bridge almost 
entirely of rope is especially valuable on this 
account. 

Mr. Henry C. Roney exhibited a section of 
four-inch Wooden Water Pipe and Joint, found 
about two feet below the surface while excava- 
ting a trench for the conduit of the Philadelphia 
Sectional Electric Underground Co., on Chest- 
nut Street, between Fourthand Fifth, and de- 
scribed those which had been found on Chest- 
nut and Market Streets during the progress of 
the work. These are interesting as showing 
the durability of such pipes and connections, 
under the conditions to which they had been 
subjected. 

Mr. W. G. Neilson read some notes on the 
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recently published Report of Gun Foundry 
Board. The recommendations embodied in 
this report, in regard to the establishment of a 
gun factory at Watervliet Arsenal, West Troy, 
New York, for the manufacture of guns for the 
Army, and at Washington Navy yard for the 


Navy, and that the Government should de spend | 


upon the steel manufacturers of the country for 
its forged steel and should simply finish the 
guns in its factories, 
were the interesting facts colleted by the Board, 
during their visit to Europe, in regard to the 
character of steel used for guns. 

The secretary exhibited, for Mr. J. H. Har- 
den, a neat Topographic al Model of the Jones 
Iron Ore Mine in Berks Co., Pa., and briefly 
explained the method by which such models are 
constructed. 
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HE INSPECTION AND TESTING OF IRON RoapD- 
BripGes in GERMANY.—According to a 
decree recently published by the Minister for 
Public Works, all iron bridges on public roads 
are annually to be subjected to rigorous inspec- 
tion and tests. 
The parts to which special attention is to be 
directed in the inspection are : 


1. The girder-beds and the brickwork of the | 


piers and abutments. 

2. The bed-plates with regard to normal po- 
sition, freeing them from rust, &c., and event- 
ually seeing that they are in perfect working 
order. 

3. The riveting at the junctions of bracings, 
&c., with the booms, especially the existence of 
loose rivets at points where the greatest strain 
is borne. 

4. The separate parts of the bridge ; whether 
any fractures have occurred at the rivet holes, 
and whether bending, rust, or want of paint 
are manifest. 

After the inspection of the bridge it will be 
evident whether any meé ysurements are re- 
quired to be taken; if so they are to be made 
with a view of ascertaining— 

(a) The normal height of the bearing-plates. 

(6) The height of the center of the bridge, and 
its camber when unloaded. 

(c) The amount of oscillation produced by 
vehicles passing over the bridge. 

If, after the above inspection and measure- 
ments have been made, the state of the bridge 
should be doubtful, load-tests are to be resorted 
to, in order to bring out more prominently any 
defects which may exist in the structure. 

For measuring the deflection a level is gener- 
ally to be employed, but the use of other means 
and apparatus in suitable cases is allowed.— 
Proceedings Inst. C. E. 


()* River EMBANKMENTS.—The embank- 
ments of the Po between Cremona and 
Casalmagiore were originally placed from 2} to 

.3 miles ‘apart, leaving long strips of valuable 
land between them and the ordinary channel of 
the river. In many places large tracts of this 


intervening iand have been enclosed by banks, 
which might be thought to act as outworks to 
je embankments, and to afford them additional 
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were referred to, as also | 





protection. ‘Instead of this, however, they 
have frequently proved to be sources of danger, 

|as they are more liable to be damaged by floods, 

| and if the river bursts through them the rupture 
of the embankments frequently follows, the 
reason being that as these latter always stand 
dry, except ‘when the banks have failed, they do 
| not get the benefit of the action of the water in 
| filling up small cavities, nor is there any oppor- 
tunity of discovering defects till a flood comes 
and it is too late. Itis believed that in many 
instances in which disastrous breaches have 
been made in the embankments these have been 
due entirely to the effect of the banks. This 
danger was illustrated and happily averted in 
| one instance. The embankment of the Po be- 

| tween the Olona and the Lambro protects an 
area of 14,000 acres, with a population of nine 
thousand seven hundred. Between this and 
the river several tracts of land have been sur- 
|rounded by banks. In October, 1882, one of 
these banks, enclosing 355 acres, was threatened 
by a flood, when the engineer in charge ordered 
two cuts, of about 70 feet each, to be made in 
it, so as to allow the water to flow through 
zradually and to reach the embankment slowly. 
t was then found that defects existed in this 
embankment, which began to be undermined 
by water; but as there was then time to remedy 
them, the country was thus saved from an in- 
undation, which would certainly have taken 
place had the river forced its way uncontrolled 
through the bank, as it would then have poured 
with such force against the principal embank- 
ment that it would have been impossible to re- 
pair it, 

Mr. Pestalozza considers that these banks 
should either be removed altogether, or else 
made entirely separate from the « embankments, 
or in some cases, when villages have been built 
under their protection, should be raised and 
strengthened so as to act as the principal em- 
bankments of the river. 

Mr. Rossi, on the other hand, while admitting 
that these banks are often improperly con- 
structed and become a source of danger, thinks 
that in most cases they afford real protection, 
and are, in fact, embankments. He recom- 
mends that they should be kept at a lower level 
than the embankments, the exact height vary- 
ing in different localities, but being somewhat 
below the level of ordinary floods, which would 
then flow over them and give the embankments 
the benefit of the wash of water which is re- 
quired to keep them in good order ; the damage 
which the enclosed lands would sustain by oc- 
casional flooding would be compensated by the 
deposit of rich mud left by the water.— Abstract 
of Inst. of Civil Engineers. 


—- ee 
IRON AND STEEL NC NOTES. 


N THE Burnin@G OF Iron anp Streer.—Iron 
that has been raised too near its tempera- 

mae of fusion and slowly cooled, is designated 
“burned” or overheated metal. It is both 
a short and cold-short, and exhibits a coarse, 
crystalline structure, and a bright, glistening 
fracture. Such iron contains oxygen. But 
this oxygen is not, as iscommonly believed, de- 
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rived from without during the heating, but it | 
was previously contained in the iron itself 
through the medium of the scoria or slag-im- 
purities mixed with it. When the iron is 


raised to the fusing heat, or near it, a chemical | 


reaction takes place ; the metallic iron reduces 
the sesquioxide to protoxide, which, by being 
dissolved in the iron, alters the properties of 


the latter. The coarsely crystalline quality of | 
iron so treated is not due to the presence of the | 


oxygen. The metal usually contains a notable 
quantity of phosphorus, which is well known 
to give a coarse grain accompanied by the 
quality described as cold-short. The crystal- 
lization takes place during the slow cooling 
while at rest. The greater the proportion of 
phosphorus present the lower is the tempera- 
ture to which the iron may be raised without 
being burned. Pure iron should not take up 
more than 0.25 per cent. of oxygen in solution. 
Though this substance does not greatly affect 
the ductility of the metal when cold, it acts like 
sulphur on its malleability. 

The qualities of steel also undergo change 
when heated to a high temperature, or when sub- 
jected to alower temperature for too long atime. 

he richer the steel is in carbon, the lower is the 
temperature at which the change take place. 


Therefore, the harder the steel the more care- | 


fully is it to be dealt with in the fire. Such 
overheated steel becomes coarse grained and 
brittle ; that is, cold-short. If the temperature 
be increased, showers of sparks are thrown off, 

and the steel is said to be ‘‘ burned.” The al-| 

teration brought aboutin this way has generally | 
been attributed to a diminution in the propor- | 

tion of the carbon constituent, though this as- 

sumption is not warranted by the results of an- 
alysis. The presence of manganese and silicon 
is of more weighty consequence. When steel 
containing these is heated it is not the carbon, 
but the manganese and silicon that first become 
oxydized, and there results an important change 
in the properties of the steel. Later the carbon 
is oxydized; and while the oxide of carbon | 
escapes those of the manganese and silicon re- | 
main behind, and the whole molecular structure | 
of the metal is altered. If the heating be car- 
ried still farther the iron will next be oxydized. 
A cast-iron furnace door, exposed for several | 
years to the flame of a coal fire, was found to 
contain 27.8 per cent. of oxygen, in combination | 
with iron, sulphur, nickel, copper, phosphorus 


and arsenic. The cause of the sparks is not the | 


combustion of the carbon, and the consequent 
generation of carbonic oxide gas, but the 
escape of gases imprisoned in the steel. Simi- 
lar results may be brought about by exposing 
the steel to a lower temperature for a longer | 
time ; the oxidation of the constituents will, in | 
this case, be effected in the order mentioned 
above, the only difference being in the slower | 
action. Steel altered in this way is well de- | 
scribed as ‘“‘dead.” A regeneration of the 
metal by mechanical treatment is hardly pos- | 
sible, since the original chemical composition 
cannot be restored by such means. 


——eqpo———_ 
RAILWAY NOTES. 


‘ie ProGress oF CANADIAN Rattways.—The 
J official statistics show that 1,275 miles of 





| railway were built in Canada last year, making 
a total of 8,805 miles under traffic, and when 
the lines at present under construction are com- 
pleted, which will be within two years, the rail- 
way system of Canada will comprise over 11,- 
400 miles. The paid-up capital was increased 
to $494,271,264, or 19 per cent. The gross 
amount of freight carried during the year was 
13,266,255 tons, the gross receipts for which 
were $21,320,208. The gross receipts, together 
with those for mails and sundries, were $11,- 
924,377, making the gross revenue $33,244,585 
—an increase in receipts over those of the pre- 
|ceding year of $4,216,796. The net earnings 
|for the year were $8,552,928—an increase of 
| nearly $2,000,000. 


ype TRAMWAYS IN BurMAn.—Reports have 

K) reached here of the starting of the steam 
| tramways of Rangoon, owned by Messrs. Dar- 
wood & McGregor, of that city. The engines 
are by Messrs. Merryweather & Sons, and are 
of the Stockton type, which have successfully 
run them for upwards of two years. Mr. Henry 
Bateman, from the works of the builders of 
these engines, is: locomotive superintendent. 
There are excellent workshops and first-class 
| tools for carrying out the necessary repairs. 
The report just to hand states that the engines 
are running continuously, each drawing three 
| large cars crowded with passengers, and com- 
| mercially it is expected that this will be one of 
| the greatest successes in Rangoon. Some more 
| engines will be built by Messrs. Merryweather 
for the extensions, also some special double 
| bogie cars of teak with iron frames. We shall 
| shortly illustrate the cars and workshops of 
| this tramway. 


er: Rartway Statistics.—The second part 
of the administration report on the railways 
of India for 1882-83, recently published in 
Simla, contains elaborate statistics regarding 
the lines serving India, and furnishes informa- 
| tion which is of great interest now that the rail- 
| way policy of the Indian government is under 
‘discussion. There are four classes of railw: Lys 
in India, viz., nine state railways under the 
control of the government, thirteen provincial 
| state railways, six native state railways (the 
most important of which is in the Nizam's ter- 
ritory), four lines belonging to assisted com- 
panies, besides six lines controlled by the gov- 
ernment of Bombay and two by that of Madras. 
As regards the Indian government railways, the 
East Indian and some others pay well, while 
'a few are worked at a dead loss, but, taken all 
round, they now yield a surplus in aid of the 
Indian exchequer. Speaking of Indian rail- 
ways generally—that is, of the whole 10,000 
miles of system—they earn about £1,525 gross 
= mile, about one-third of the earnings of 
English railways. The working expenses, too, 
are less than what we might expect, consider- 
ing the breaks of traffic, and the fact that most 
of the coal used has to be imported from Eng- 
land. They amount but to 49.94 per cent. of 
| the receipts, against 52.34 per cent. for Eng- 
‘land and Wales, 49.51 per cent. for Scotland, 

}and 54.88 per cent. for Ireland. The net re- 
ceipts are sufficient to yield 5.37 per cent. on 
the capital expended, that is, a shade over the 














ORDNANCE AND NAVAL. 





523 





5 per cent. guarantee. The East Indian yields 
over 8 per cent., the guaranteed lines 4.94 per 
cent., and the state lines a little over three per 
cent. The gauge controversy is opening up a 
burning topic. There are no less than five 
railway gauges in India—the 5-foot 6-inch, or 
broad gauge, the 3-f¢et 3-inch, or meter gauge, 
the 4 foot used on the Azimganj Railway, the 
2-foot 6-inch gauge of the Gaekwar of Baroda’s 
line, and the 2-foot or military gauge of the 
Himalayan Railway. Practically the contest 
now lies between the broad and meter gauges, 
and as the most important lines have been 
laid on the former principle, opinion inclines to 
the view that the broad gauge is the proper one 
to universally survive. At any rate, what is 
now desired is uniformity, as the present breaks 
of gauge and consequent shifting of goods add 
considerably to the cost of transport. 
—_ ae ——__ 


ORDNANCE AND NAVAL. 


FT HE COLLAPSE OF SnuIpBuILDING.—After at- 
taining last year to the highest point that 
it has reached in the history of the industry, 
shipbuilding at the North-Eastern ports has in 
the first three months of 1884 collapsed. It has 
been definitely stated that there are now about 
7,000 shipbuilders unemployed on the rivers 
Wear and Tyne. If this statement be even ex- 
aggerated, it must be confessed that there is an 
enormous falling off in the number and the 
tonnage of vessels in course of construction. 
On the Tyne and the Wear the number of the 
vessels on the stocks is only about one-half of 
those on the stocks at the same date last year; 
and at the other shipbuilding ports there is 
also a falling off, though not quite so marked. 
Again, out of the vessels on the stocks there 
are some, the progress of which is stopped ; and 
as Others are launched their places are not 
taken up. It is thus clear that there will be an 
enormous falling off in the tonnage of the ves- 
sels built at the North-Eastern ports during the 
current year, and it is probable that the com- 
pleteness of the collapse will be one of the reasons 
that lead to the conclusion that the recovery, if 
not very rapid, wtll be not so long deferred. 
The loss of vessels still goes on, and as the 
work of the steamers had been restricted by 
the enormous stocks that had accumulated, and 
as these stocks are now falling off, it may be 
fairly concluded that the demand for tonnage 
will recover with more speed than had been 
thought likely. So complete a collapse as has 
been witnessed, and is being witnessed, may 
lead to a revival in the trade at no very distant 
date. 
ry[\ne Mann Guy.—Mr. H. F. Mann, of Pitts- 
burgh, has been advised by Sir Joseph 
Whitworth & Co. that the steel tube for his 
breech-loading rifle has been shipped, and that 
the steel jacket and other parts that are being 
made by that company will be forwarded 
shortly. The tube and other parts are made 
‘of the Whitworth fluid-compressed steel of the 
best quality. The tube is 17 feet long, 6} inch 
bore, and weighs about 4,500 lbs. All the 


parts furnished by the Whitworth Company 
will weigh some 14,000 lbs., and will be finished 
complete, ready to be put together by the 


South Boston Ironworks, of Boston, Mass., 
which has been the contract with Mr. Mann for 
completing the gun. The total weight of the 
weapon will be about 20,000 Ibs. Mr. Mann 
has also a contract with the Ordnance Depart- 
ment for 250 projectiles to weigh 110 lbs. each, 
to be used in the test of his gun. These pro- 
jectiles are now being made in Pittsburgh, and 
will be forwarded to the Government proving 
grounds at Sandy Hook, New York Harbor, as 
soon as completed. The charge of powder to 
be used in testing this gun will be from 30 to 
40 lbs. 


: ARMORPLATE TRIALS IN DENMARK.—The 

Army and Navy Gazette gives full partic- 
ulars of the experiments carried out on the 
Island of Amager on March 20 and 21. The 
four plates were bent on an inside radius of 10 
feet 9 inches, each formed a separate target, the 
English plates being fixed by means of twelve 
bolts to the backing, that of Marrel Freres by 
eleven, the Schneider solid steel plate by sixteen 
bolts. A 15-centimeter Krupp gun, 35 calibres 
long, and an 18-ton Armstrong muzzle-loading 
gun were used. The projectiles consisted of 
52-inch and 10-inch steel shell of the latest pat- 
tern manufactured at Essen, also 65-inch 
chilled-iron shell and solid 10-inch chilled shot 
of Swedish manufacture. The latter was only 
used against the Cammell compound plate. 
The range was 100 meters. On March 20 the 
experiments commenced with a round of steel 
shell at each plate. All the four shells struck 
the plates full in the center, penetrating the 
Marrel plate considerably, two large cracks 
starting from point of impact to the edges of 
the upper and right side of the plate. The 
Cammel plate was slightly penetrated, and 
showed a few surface hair cracks. The Brown 
plate showed deep cracks running from the 
point of impact to the left side of the plate. 
The shell penetrated the Schneider plate to a 
considerable depth, and cracked it in half from 
top to bottom through the point of impact. 
The next experiment was made on the left-hand 
lower corner of each plate, the 10-inch gun be- 
ing fired with steel shell. The first shot 
knocked the whole left side of the Schneider 
plate off its target. The lower part of the Mar- 
rel plate was completely wrecked; the shell, 
passing through the target, was picked unin- 
jured a long distance in the rear. The English 
plates broke up the shell as they passed through. 
The Cammell plate showed a few additional 
surface cracks; the shell, striking the Browne 
plate somewhat low down, broke off the cor- 
ner. On the 21st experiments were resumed ; 
a solid 10-inch chilled-iron shot was fired, with 
a charge of 63 lbs. of powder, at the Cammell 
plate. Although the shot did not penetrate the 
compound plate, the target was flung bodily to 
the rear. A 5z-inch chilled-iron shell was next 
fired at the Brown plate. This opened upa 
horizontal crack in the plate through its entire 
thickness, breaking it into three pieces, a simi- 
lar shell completely destroying all that remained 
of the Marrel plate. In these trials 467 lbs. 
weight of metal were fired at the Sehneider 
plate, 569 lbs at the Brown and Marrel plates, 





and 832 lbs. weight at the Cammell plate. 





-~ 


VAN NOSTRAND’S 


BOOK NOTICES. 


HAVINGS AND Sawpust. By ‘‘ OBSERVER.” 
Buffalo: C. A. Wenborne. 

The care, operation and designing of wood- 
working machinery form the material for the 
work bearing the above quaint title. 

The author evidently knows what is most de- 
sirable to be learned by the inexperienced in 
this branch of industry, and he certainly has a 
direct way of imparting the facts and principles 
which he desires to communicate. 


HE ELEMENTS OF THE HeriocraPH. By 
Frep’k. K. Warp. Washington: Signal 
Office. 


The increasing use of heliotrope signaling in | 


extended surveys will serve to create a demand 
for this little essay among surveyors. 

It requires but little mechanical skill to con- 
struct a serviceable instrument, and the, sug- 


gestions of this writer explain sufficiently the | 


necessary dimensions for all practicable limits 


of surveying. 
i lg SpEoIAL CHARACTERISTICS OF TORNA- 
pDoEs. By Joun P. Fiytay. Washington: 
Signal Office. 
his is issued in the form of a report of a 
Signal Service officer to Gen’l Hazen. 

The phenomena that precede or follow the 
tornado, the changes of pressure, temperature 
and direction of air currents, the electrical 
manifestations, are all carefully grouped and de- 
scribed. 

All students of meteorology will read with in- 
terest this essay, prepared, as itis, by an expert, 
who has been fitted by professional training for 
the work of collating such data as shall best 
aid in the solution of one of the chief meteor- 
ological mysteries. 


fue Strupent’s Hanp-Book oF Puysicar Gr- 
oLogy. By A. J. Juxes-Browng, F.G. 8, 
London: George Bell & Sons. 

The author of this compact little treatise ex- 
plains apologetically that another book on physi- 
cal geology might seem uncalled for while such 
works as those of Geike and Green are access- 
ible to students. But he adds, ‘there does ap- 
pear to be room for a book of more modest pre- 
tensions, arranged on a different plan, and issued 
at a more moderate price.” 

The work is divided into three parts: Dyna- 
mical Geology, Structural Geology, and Physi- 
ographical Geology. The second part seems 
to be of more immediate value to American 
students, as it gives a concise classification of 
igneous rocks. 

An excellent book for students. 
| Fy ~ Cuemistry. By A. Naquer. Trans- 


lated by J. P. Battershall, F.C. S. Sec- 
ond edition. New York: D. Van Nostrand. 


ENGINEERING MAGAZINE. 


The experience of Dr. Battershall in this 
| line of testing in the United States Laboratory 
| renders this supplement valuable. 
| The Bibliographical Appendix has been con- 
| siderably extended. 


——__ me 


MISCELLANEOUS. 


| "] ‘ne following method of coloring soft solder, 
so that when used for soldering brass, the 
| colors may be about the same, is given by the 
| Metallarbeiter: First prepare a saturated solu- 
| tion of sulphate of copper—bluestone—in water, 
and apply some of this on the end of a stick to 
the solder. On touching it with a steel or iron 
| wire it becomes coppered, and by repeating the 
| experiment the deposit of copper may be made 
| thicker and darker. To give the solder a yellow 
color, mix one part of a saturated solution of 
sulphate of zinc with two of sulphate of copper, 
apply this to the coppered spot, and rub it with 
}a zine rod. The color can be still further im- 
| proved by applying gilt powder and polishing. 
| On gold jewelry or colored gold, the solder is 
| first coppered as above, then a thin coat of gum 
or isinglass solution is applied and bronze pow- 
| der dusted over it. which can be polished after 
| the gum is dry and made very smooth and bril- 
| liant; or the article may be electro-plated with 
| gold, and then it will all have the same color. 
| Quoting from a German source, the Scientific 
American says; On silverware the coppered 
spots of solder are rubbed with silvering pow- 
der, or polished with the brush and then care- 
fully scratched with the scratch brush, then 
finally polished. 


N illustration of the tendency of dust to move 
from hot and to deposit itself on cold sur- 
faces, the following experiments were recently 
described before the Royal Society of Edinburgh 
by Mr. J. Aitken :—Two mirrors, one hot and 
the other cold, fixed face to face and close to 
each other, weré placed in a vessel filled with a 
dense cloud of magnesia, made by burning mag- 
nesium wire. After a short time the mirrors 
were taken out and examined. The hot one was 
quite clean, while the cold one was white with 
magnesia dust. In another experiment a cold 
metal rod was dipped into some hot magnesia 
powder; when taken out it had a club-shaped 
mass of magnesia adhering to its end, while a 
hot rod attracted none. This tendency of dust 
|to leave hot surfaces and attach itself to cold 
| Ones explains a number of familiar things; 
| among others it tells us why the walls and fur- 
| niture of a stove-heated room are always dirtier 
than those of a fire-warmed one. In the one 
case the air is warmer than the surfaces, and in 
the other the surfaces are warmer than the air. 
This effect of temperature is even necessary to 
explain why so much soot collects in a chimney. 











This new edition exhibits an addition to the | It explains something of the peculiar liquid-like 
well-known first book in a chapter on Tea and | movements of hot powders, and perhaps some- 
its adulteration. The interest lately exhibited | thing of the spheroidal condition. For practical 
in this particular form of sophistication seemed | application, it is suggested that this effect of 
to the editor to call for a simple and concise | temperature might be made available in many 
method of examination which would include | chemical works for the condensation of fumes, 
the requisite tests without entering upon an/ and that it might also be used for trapping soot 
exhaustive treatment of the subject. in chimneys. 








